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ABSTRACT 
 
 This study examines the impact of historical short stories on upper and lower level 
high school chemistry students in the second semester of a two-semester course at a large 
Midwestern suburban school. Research focused on improved understanding of six 
fundamental nature of science (NOS) concepts made explicit in the stories, recollection of 
historical examples from the stories that supported student NOS thinking; student attitudes 
toward historical stories in comparison to traditional textbook readings as well as student 
attitudes regarding scientists and the development of science ideas. Data collection included 
surveys over six NOS concepts, attitudes towards science and reading, and semi-structured 
interviews.  
 Analysis of the data collected in this study indicated significant increases in 
understanding for three of the six NOS concepts within the upper-level students and one of 
the six concepts for lower level students. Students were able to draw upon examples from the 
stories to defend their NOS views but did so more frequently when responding verbally in 
comparison to written responses on the surveys. The analysis also showed that students in 
both levels would rather utilize historical short stories over a traditional textbook and found 
value in learning about scientists and how scientific ideas are developed. 
1 
 
CHAPTER 1.  INTRODUCTION 
 
The Nature of Science and Science Education 
The current quality of science education has been in question for some time, as the 
majority of the United States citizenship is not scientifically literate.  A survey conducted by the 
National Science Board reports that “64 percent of the American public effectively have no 
knowledge of how science works” (National Science Board, 1996). This statistic is sobering, as 
it reflects school sciences’ emphasis on factual recall instead of the knowledge generating 
process necessary for a scientifically literate society. To move towards this desired state, science 
instruction must include a critical context for understanding science.  
Many science education scholars agree that a deep understanding of the NOS will help 
students’ better understand science content, gain appreciation for its study, and increase crucial 
science literacy (Matthews, 1994; McComas & Olson, 1998).  The National Science Education 
Standards (NRC, 1996) state that scientific literacy hinges on understanding the NOS, while the 
latest Next Generation Science Standards add emphasis to the importance of NOS by stating 
“science is both a set of practices and the historical accumulation of knowledge…students should 
develop an understanding of the enterprise of science as a whole” (NRC, 2013, p.1, Appendix 
H).   
This context is the nature of science (NOS), which includes topics such as what science 
is, what scientists are like and how science works. The NOS combines various aspects of the 
social studies of science to create a view of the scientific community and how science functions. 
A few examples of NOS concepts include how science knowledge  is accepted, the difference 
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between private and public science, what scientists are like, the effect of culture and society on 
science, and how hypotheses, theories and laws function in science. 
NOS as a goal in science education first appeared in a 1907 reform document when the 
Central Association of Science and Mathematics Teachers recognized the need for students to 
develop accurate conceptions of NOS to understand the process by which scientific knowledge is 
derived. Since then, NOS has appeared in many science education reforms as well as in all 
contemporary reform documents (AAAS, 1989 & 1993; NRC, 1996 & 2013). However, even 
with the constant acknowledgment that students need to comprehend the nature of science, the 
state of science education is far from achieving this goal. As Lederman & Niess (1997, p. 1) 
write “the longevity of this educational objective has been surpassed only by the longevity of 
students’ inability to articulate the meaning of the phrase ‘nature of science’ and to delineate the 
associated characteristics of science”. 
Societal misconceptions of NOS, perpetuated through poor teaching, have very real 
implications for a democratic society. These consequences include, but are not limited to poor 
attitudes in science class and towards science careers (Tobias, 1990), superficial understanding 
of many science ideas (Clough, 2006), and poorly informed and problematic thinking regarding 
socio-scientific issues (Allchin, 2011; Herman, 2015; Mitchell, 2009; Rudolph, 2007; Zeidler et 
al., 2013).  To move closer to the goal of scientific literacyfor all, the NOS must be incorporated 
accurately and consistently into science education (AAAS, 1989; Matthews, 1994; McComas & 
Olson, 1998), thereby keeping students engaged to potentially pursue a future science career 
(Tobias, 1990).  
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Effectively Teaching the NOS 
While the current state of NOS teaching is not particularly effective, much is known 
about effectively teaching the NOS in the science education literature. Extensive research makes 
clear that NOS instruction is most effective when it features an explicit and reflective character 
(Adb-El-Khalick et al., 2000; Abd-El-Khalick & Lederman, 1998). Explicitly teaching the NOS 
involves  deliberate design and implementation of lessons to address NOS issues (Lederman, 
1998; Khishfe & Abd-El-Khalick, 2002); whereas reflective NOS teaching involves helping 
students make connections between an experience (e.g., inquiry activity, classroom discussion, 
videos, etc.) and NOS ideas (Khishfe & Abd-El-Khalick, 2002).  
Effective NOS instruction also demands that such instruction occur in a variety of 
contexts with extensive scaffolding back and forth between those contexts (Clough, 2006). These 
contexts occur along a continuum of decontextualized, moderately contextualized, to highly 
contextualized settings (Clough, 2006) creating a foundation for students to work from that links 
to science content understanding (Driver et al., 1996; Ryder et al., 1996; Brickhouse et al., 2000). 
Clough (2006) describes decontextualized settings as isolated examples of NOS issues devoid of 
science content. A decontextualized activity creates a base of knowledge through ideas that are 
familiar and concrete to the student, but do not feature science content, such as black box 
activities. The moderately contextualized setting features students reflecting upon the process of 
science as conducted in their lab experiences. Decontextualized and moderately contextualized 
settings are important to introducing students to NOS concepts. However, they rarely force 
students to evaluate their NOS conceptions and are divorced from authentic scientific 
investigations.  This is not to say they do not have value, as they are crucial in creating analogies 
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for students that will benefit in creating conceptual change (Clough, 2006; Dagher, 1994; Tyson 
et al., 1997).  
Highly contextualized settings occur when NOS and science content are seamlessly 
connected. The incorporation of highly contextualized NOS activities requires historical and 
contemporary science examples (Clough, 2006) such as stories where NOS ideas are explicitly 
discussed. The AAAS (1990) states that, “The teaching of science must explore the interplay 
between science and the intellectual and cultural traditions in which it is firmly embedded. 
Science has a history that can demonstrate the relationship between science and the wider world 
of ideas and can illuminate contemporary issues”.  Due to the deep entanglement between 
content and the NOS featured in historical examples, the teaching of science content and NOS 
ideas happens seamlessly. Historical short stories with embedded questions that encourage 
reflection and intentionally draw students to commonly held NOS misconceptions can be highly 
effective highly contextualized activities (Clough, 2011). By using historical stories, working 
back and forth through the decontextualized to highly contextualized NOS continuum, student 
understanding of the NOS increases.  
 
Curricular Materials for Teaching the Nature of Science 
 However, there are few classroom materials that are easily available for accurate highly 
contextualized settings that explicitly and reflectively address the NOS. These resources do not 
exist as textbook companies do not want to modify current text for fear of losing market share 
(Clough, 2011) and many secondary teachers (and post-secondary) claim that the have little 
available time to teach NOS, let alone the rest of their curriculum. This prompted the writing of 
an NSF grant to create thirty historical science stories for use at the post-secondary level. To 
5 
 
increase the efficacy of teachers and students teaching and learning of effective NOS concepts, 
the stories were specifically designed according to how people learn with the intent of being 
highly contextualized. To do this, Clough (2011), made sure the stories focused on science ideas 
that were already part of the curriculum, written in a way that allows autonomous use by the 
teacher, created for both past and present science ideas, included the words of scientists to show 
humanistic and authentic character, incorporated comments that explicitly and reflectively draw 
students attention to key NOS ideas, including questions that reflect on the NOS, and were 
connected to other science content in and out of the classroom.  
 Through an NSF grant-funded project (Clough, Olson, Stanley, Colbert, & Cervato, 
2006), 30 historical short stories were written to be used in post-secondary introductory science 
classes. The long-term goal of the project was to have Post-secondary science teachers accurately 
and effectively convey the NOS to improve scientific literacy and attitudes towards science, 
scientists, and science education.  By using the historical short stories, instructors could 
deliberately draw students’ attention to fundamental science ideas deeply entwined with NOS 
issues, therefore improving science content knowledge as well as confronting NOS 
misconceptions.  Initial studies conducted on geology and biology students at the post-secondary 
level showed significant increases in NOS conceptions and a potential link to increased content 
understanding of biological evolution which led to the initial NSF grant proposal (Clough et al., 
2006).  Further research was undertaken by Reid-Smith (2013) to modify the historical short 
stories for use in thirteen secondary classrooms. Reid-Smith concluded that historical stories 
increased NOS understanding of secondary students, but under what conditions is still unclear.  
 
 
6 
 
Research Methodology 
Purpose of Study  
 In this study, five different historical short stories with embedded questions were used in 
secondary chemistry classes at differing levels. The intent of the study was to determine what 
effect, if any, the use of historical and contemporary short stories about the development of 
scientific ideas has on secondary science students’ accurate understanding of the nature of 
science and to determine the students’ perceptions of the stories.  
 
Research Questions 
The study focused on the following research questions:  
1. Does the use of historical science stories with explicit NOS statements and questions 
improve secondary science students’: (a) accurate understanding of fundamental NOS 
concepts made explicit in the story and (b) recollection of historical examples that 
logically support their NOS thinking? 
2. What are secondary science students’ attitudes toward: (a) reading the short stories 
compared to a traditional textbook reading and (b) reading about scientists and how 
science ideas are developed? 
Methodological Overview 
The participants in the study were Chemistry and General Chemistry students at a 
Midwestern high school that requires one year of chemistry. Chemistry is taken by many 
college-bound (four-year institution) students and requires strong math skills (as the class covers 
quantum numbers, stoichiometry, and uses mathematical modeling); General Chemistry is taken 
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by students who may be college bound (two-year institution or technical school), have struggled 
with math and may benefit from learning at a slower pace. The Chemistry course enrolls 
freshman through senior students (ages 14-18) while the General Chemistry course includes only 
juniors and seniors (ages 16-18). 
For this study, a randomized control group pretest-posttest design was utilized (Isaac & 
Michael, 1971). The instructor taught three sections of Chemistry and three sections of General 
Chemistry. Two of the three sections – in both courses – were chosen as treatment, leaving the 
final section as the control group. The treatment groups utilized the modified historical short 
stories identified above in accord with the curriculum. During these units of study, students were 
asked to read the stories on their own (Chemistry) or in small groups within the class (General 
Chemistry). In-class activities followed over the next days with class discussions over the 
readings and embedded questions, in addition to instructor designed questions. The embedded 
questions and highlighted text boxes in the readings were used to explicitly address the NOS 
while learning about chemistry content knowledge. 
The control groups used other stories/reading materials and in some cases, audio-visual 
materials, to cover the same content found in the treatment group stories. The instructor focused 
on asking discussion questions that focused solely on the content and did not explicitly address 
fundamental NOS ideas. A concerted effort was made to keep all other teaching identical 
between the treatment and control groups.  
All students in the study were pre-assessed using two instruments: Views on Science and 
Scientific Inquiry (VOSSI) and Interest/Attitude Survey. The VOSSI survey featured six 
questions with Likert item responses and a written response section. The Interest/Attitude survey 
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contained 25 Likert item questions regarding attitudes towards reading and science class and two 
final questions (one Likert, one written response) regarding interest in a science-related career.        
At the end of the semester, a post VOSSI and post Interest/Attitude survey was given to both 
control and treatment groups. Appropriate quantitative statistical tests were conducted to analyze 
and compare the pre and post-survey scores for control and treatment groups on VOSSI and 
Attitude/Interest surveys. Following the post surveys, participants from the treatment group were 
asked to be part of a short semi-structured interview process. Interested participants names were 
randomly selected and twenty-six participants were interviewed. The interviews lasted between 
10 to 15 minutes and asked the participants to comment on specific fundamental NOS concepts 
that were addressed through the stories and on their interest level in reading the stories and 
science careers.  
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CHAPTER 2.  LITERATURE REVIEW 
 
Nature of Science in Science Education 
The nature of science (NOS) combines various aspects of the social studies of science to 
create a view of the scientific community and how science functions. McComas, Clough and 
Almazroa (1998) describe the nature of science as “a fertile hybrid arena including the history, 
sociology, and philosophy of science combined with research from the cognitive sciences such as 
psychology into a rich description of what science is, how it works, how scientists operate as a 
social group and how society itself both directs and reacts to scientific endeavors” (p. 511). 
Examples of NOS concepts come from each context: historical – how scientific knowledge 
comes to be accepted, sociological – the effect of culture and society on science, psychological – 
interpretations of data can differ based upon prior knowledge and expectations, and 
philosophical – how do we know the truth of a proposition.  
Science education reforms of the past 50 years stress the importance of NOS and have 
focused on students becoming scientifically literate (AAAS, 1993; NRC, 1996; NRC 2012), 
emphasize learning through inquiry (Sund & Trowbridge, 1967) not just learning science facts. 
McComas, Clough, and Almazroa (1998) state that accurately teaching NOS concepts lead to 
enhanced: 
 understanding of science’s strength and limitations; 
 interest in science and science classes; 
 social decision making later in life; 
 instructional delivery; and 
 learning of science content. 
Students who learn facts, hypothesis, and theories of science know the “what” of science but do 
not learn where this knowledge originates from, or the “how” of science (Duschl, 1994). Bruner 
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validates this, writing that “learning is…figuring out how to use what you already know in order 
to go beyond what you currently think” (p. 183). For this learning to occur, one needs to know 
something ‘structural’ about what they are learning; this alone is worth more than a thousand 
facts (1983). By viewing science through a historical, philosophical, and methodological lens, its 
structure can be unveiled. To understand science concepts, the origin of the information must be 
known, which can be developed by learning about the NOS. 
 
Importance of NOS in Science Education 
What is the importance of all citizens obtaining a structural knowledge of the 
fundamentals of science? Those that contribute to the liberal tradition of education believe that 
science taught through a NOS perspective, one that is informed by its history and philosophy, 
can promote understanding of the natural world, the appreciation of nature and science, and the 
awareness of ethical issues divulged by scientific knowledge and created by scientific practice 
(Matthews, 1994).  Driver et al. (1996) provide five arguments for the inclusion of NOS as a goal 
of science education: 
 a person’s understanding of the NOS is necessary if he/she is to make sense of the 
science and manage the technological objects and processes he/she encounters; 
  to make sense of socio-scientific issues and participate in the democratic decision 
making process; 
 to appreciate science as a major element that has shaped modern culture; 
 to view the norms of the scientific community and their moral commitments; and 
 to support learning of science and content. 
 An accurate understanding of NOS fundamentals is crucial for making sense of an ever-evolving 
world. 
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Current State of NOS Understanding in the United States  
Unfortunately, the United States lacks a citizenship that understands the fundamental 
views of science. Surveys conducted by the National Science Board report that “64 percent of the 
American public effectively have no knowledge of how science works” (National Science Board, 
1996). Pew Research findings indicate that a majority of the U.S. public believes that living 
things have evolved over time but only a third of them attribute this to “natural processes such as 
natural selection” (2009).  Not only is the NOS important to learning in the field of biology, but 
also in physics, chemistry, earth science, and other science disciplines. Understanding the 
collisions between particles at the CERN Hadron Collider will not cause a massive black hole to 
form on earth, but may lead to unexpected discoveries/creations in the future, stem from learning 
about the NOS.  Knowledge of how scientific ideas are generated, tested, peer reviewed as well 
as the use of models and data would help eliminate much political debate regarding global 
climate change. These misconceptions of science lead to poor decision making that give rise to 
societal issues or fail to solve societal issues. Yearly (1996) writes that policymakers use 
uncertainty and lack of scientific consensus to delay tackling environmental problems. Mitchell 
(2009) adds that appealing to uncertainty creates a climate where all scientific contributions run 
the risk of being dismissed. Another example of the low U.S. literacy is the public’s failure to see 
the importance of basic research in technological innovations which may have significant 
societal consequences when funding decisions are made in the future (Elmer-Dewitt, 1994). Neil 
deGrasse Tyson comments that important creations such as the MRI machine grew out of basic 
research and without basic research in physics, many health-related diagnostic tools would not 
exist (Laufenberg, 2014). The current status of scientific understanding in the United States is 
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sobering, and is a reflection of school sciences’ emphasis on factual recall and exclusion of the 
knowledge-generating process. To improve such statistics to reflect a scientifically literate 
society, science instruction must include critical context for understanding science.  
 
Teacher Conceptions of the NOS 
One reason for these statistics is poor NOS understandings by science educators. For the 
public’s misconceptions of science to improve, science teachers need a greater understanding of 
the NOS and how to accurately address it. Studies conducted on teacher NOS understanding 
have continually shown an uninformed view of NOS. Miller (1963) was one of the first to assess 
teacher NOS understanding and found that many science teachers, and consequently their 
students, failed to demonstrate an understanding of how science works. Schmidt (1967) 
replicated Miller’s work, reaching the same unfortunate conclusions. Work done by Elkana 
(1970) viewed teachers’ NOS conceptions as 20-30 years behind those of the philosophy of 
science. Cawthorn and Rowell (1978) found teachers held a naïve-realist position of science, and 
four years later (1982) many held an inductivist-empiricist outlook on science. DeBoer (1991), in 
a review of the history of science in education, found that teachers still held a positivist view, 
confirming Elkana’s work that teachers hold outdated conceptions of the philosophy of science.  
This trend still occurs today as science teachers often possess inaccurate or simplistic views of 
the NOS (Abd-El-Khalick & Lederman, 2000; Carey & Strauss, 1970; Lederman, 1992), and do 
not consider NOS issues important to teaching and learning (Bell et al., 1998; King, 1991; Lakin 
& Wellington, 1994). 
Many teachers dismiss teaching NOS ideas which make little sense as teachers 
communicate the NOS to students regardless of whether it is done purposefully or accurately 
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(Clough & Olson, 2004). McComas, Almazroa and Clough (1998) write that, “throughout these 
daily [classroom] experiences are explicit and implicit cues regarding how science works and the 
status of scientific knowledge” (p. 527). Not only are students learning misconceptions about the 
NOS, this practice also significantly impacts students’ attitudes towards science and science 
classes, making it more difficult to deeply understand science content (Clough & Olson, 2012). 
Teachers’ pedagogical decisions, therefore, have a very large effect on students’ science 
understandings as well as the enjoyment of science class.  
 Teacher decisions on construction of the course, materials to be used, instructional 
practices, labs and activities, and language used when talking to students all affect the way 
students perceive the context of science. Course construction is typically developed from state or 
local standards (many that include NOS references); however teachers have the autonomy, in 
many cases, to decide how information will be taught. Without planning for explicit NOS 
instruction, students will fail to develop accurate NOS understandings (Durkee, 1974; Tamir, 
1972; Trent, 1965; Troxel, 1986; Abd-El-Khalik & Lederman, 2000). Kuhn (1970) echoes this 
sentiment when he wrote “more than any other single aspect of science, the pedagogic form has 
determined our image of the nature of science and of the role of discovery and invention in its 
advance” (p. 143). The course design and delivery, therefore, will shape what students learn 
about the NOS. 
 
Pedagogical Decisions Regarding the NOS 
 In the United States, science textbooks are frequently used as a means of instruction 
(Weiss, 1993; Lapointe et al., 1989). This is harmful, as Postman (1995) warns textbooks are 
only concerned with presenting facts, while giving no clue as to how they were “discovered” and 
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presenting knowledge as a commodity to be acquired, not to be understood. In textbooks, the 
NOS is usually relegated to a short unit in the first chapter and inaccurately depicted throughout 
the rest of the chapters. Therefore, the use or disuse of text has consequences on the students 
NOS perceptions. Clough and Olson point to a multitude of research that shows science 
textbooks, common lab activities, and most audio-visual materials downplay or ignore altogether 
human influences in research, sanitizing the work that led to the scientific idea, therefore 
portraying science as a rhetoric of conclusions (Cawthorn & Rowell, 1978; Clough 2011; Jacoby 
& Spargo, 1989; Leite, 2002; Munby, 1976; Duschl, 1990; Rudge, 2000). Clough and Olson 
(2012) also add that teachers, students, and the general public’s misconceptions are reinforced by 
science textbooks, thereby creating a powerful self-supporting network that will continue as a 
vicious cycle.  Without careful insight and planning, students will develop inaccurate NOS 
conceptions, which rarely lead to scientific literacy.  
The teachers’ language use also affects students’ conceptions of science. Schwab (1964) 
observed science teaching as being an “unmitigated rhetoric of conclusions in which current and 
temporal constructions of scientific knowledge are conveyed as empirical, literal and irrevocable 
truths” (p.24). If teachers do not understand the NOS well, their language to students will convey 
an inaccurate view of the NOS. The teacher’s role in accurately depicting the NOS is crucial if 
we are to create a science-literate public and reverse student misconceptions. It has been well 
documented that students continue to maintain the same misconceptions into adulthood 
regarding scientists, how science operates, and the construction of scientific knowledge (Clough, 
1995; Durant, Evans, Thomas, 1989; Millar & Wynne, 1988; Miller, 1983, 1987; NAEP, 1989, 
National Science Board, 2002; Rowell & Cawthorn, 1982; Rubba, Horner, & Smith, 1981; Ryan 
& Aikenhead, 1992; Ziman, 1991).  
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A teacher who is well-versed in the NOS can have a large effect on students’ 
understanding of the NOS as well as the science course. By teaching the NOS concurrently with 
science content, students can develop a dynamic view of the framework of science. This is best 
viewed through the work of Songer and Linn (1991) who studied the difference in students with 
a dynamic and static view of science. Students’ who held a dynamic view saw science 
knowledge as tentative and best learned by understanding what ideas mean and how they are 
related, as opposed to the static view that science is a large conglomeration of facts. These 
students also integrated understanding of the concept being taught better than those who held a 
static view. Students also viewed science as a potential worthwhile career when exposed to 
accurate conceptions of NOS. At the university level, Tobias (1990) found that students were 
uninterested in science courses because they were devoid of historical, philosophical and 
sociological foundations of science. The incorporation of NOS helps to humanize the subject, 
making it a more approachable career choice. NOS instruction also helps students link to content. 
McComas, Almazroa and Clough (1998) state that without understanding what law and theory 
mean in the context of science, the content is difficult to understand. Accurately conceptualizing 
scientific theory and law relates to understanding how science operates and is imperative for 
evaluating the strengths and limitations of science, as well as the value of different types of 
science knowledge. When students deeply understand scientific laws and theories, they 
understand that evolution is not “just a theory,” and could interpret the theory of evolution as the 
mechanism that accounts for the diversity of life on Earth. Understanding the basis of a scientific 
law, an invariable relationship seen in nature, would help students better understand Boyle’s law, 
the interaction of pressure and volume, or the law of periodicity, relationships between elements 
on the periodic table.  
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NOS Objectives in Secondary Science Education 
A consensus view of NOS objectives suitable for use in secondary settings has been 
around for more than 20 years. McComas (2008) gives the following abbreviated list of tenets as 
being appropriate for use at the K-12 level: 
 Science produces, demands, and relies on empirical evidence. 
 There is no one step-wise scientific method by which all science is done, 
Experiments are not the only route to knowledge. 
 Scientific knowledge is tentative, durable and self-correcting. 
 Laws and theories are related but distinct kinds of scientific knowledge. 
 Science has a creative component. 
 Science has a subjective element. In other words, ideas and observations in 
science are “theory-laden”. 
 There are historical, cultural and social influences on the practice and 
direction of science.  
 Science and technology impact each other, but they are not the same.  
 Science and its methods cannot answer all questions. 
 
However, NOS concepts should be presented to students not as a list of facts to memorize but as 
questions that force students to investigate and reflect upon their understanding. NOS tenets, 
promoted by many science education researchers (e.g., Osborne et al., 2003, Lederman and 
Lederman, 2004, McComas, 2008) can easily be something to be transmitted rather than 
investigated in a science classroom (Clough, 2007). To avoid this problem, Allchin recommends 
a “Whole Science” approach. By looking at the credibility of a scientific claim, in the classroom 
or the newspaper, an informed citizen will be able to interact with experts, recognize relevant 
evidence as well as that which is bogus, understand the limits and foundations of scientific 
claims and negotiate through scientific uncertainty (Allchin, 2011). This approach shifts the 
focus from the tenet to the interpretive analysis of the NOS questions by examining the multiple 
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dimensions that shape scientific knowledge. To create a well-educated student, capable of 
navigating these questions, the NOS need be presented as questions rather than tenets, engaging 
the students to confront their naïve views of science and grapple with the complex realm of 
scientific knowledge creation.  
 
Effective NOS Instruction 
The significant misconceptions held by students and teachers embody the justification for 
inclusion of NOS in science courses, as well as science teacher preparation programs. Having an 
understanding of what NOS represents is not enough, as teachers need to recognize what 
effective NOS instruction looks like in the classroom. Effective NOS instruction needs to be 
explicit and reflective in nature, use conceptual change as a driving force, draw from a spectrum 
of decontextualized to contextualized settings, and utilize the seamless connection of the NOS 
and science content found in history of science examples.  
Many science courses are created to utilize inquiry activities/labs that place students in 
the shoes of the scientist. A common misconception among science teachers is that students will 
be able to make sense of implicit messages received via these inquiry lab activities (Lederman, 
1992; Abd-El-Khalick & Lederman, 2000; Moss et al., 2001; Khishfe & Abd-El-Khalick, 2002). 
Research shows that NOS instruction is most effective when it features an explicit and reflective 
character (Adb-El-Khalik et al., 1998; Abd-El-Khalik & Lederman, 2000). Explicit teaching 
requires forethought and planning to draw students’ attention to important NOS issues. Like all 
other learning, students interpret experiences based on the prior framework of knowledge; in this 
case, one that is filled with many inaccuracies. Without rewriting their NOS conceptions to align 
with accepted understandings, students will continue to ignore accurate NOS messages. To be 
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reflective, the teacher needs to make pedagogical decisions to help students make connections 
between the class experiences and the NOS issues.  By helping students see these connections, 
accurate NOS ideas begin to be established. Teachers must deliberately focus students’ attention 
on NOS ideas for them to understand what is meant by NOS, let alone begin to make sense of its 
conceptions. Khishfe and Adb-El-Khalik (2002) articulate that by raising questions and creating 
situations, students are forced to consider the NOS in labs, readings, and other science 
experiences.  
Even with explicit and reflective settings, students will hold onto deeply held NOS 
misconceptions. As Clough (2006) notes, years of science schooling and out of school science 
experiences (both implicit and explicit) that are usually inaccurate and simplistic, create a deeply 
held framework of misconceptions. This expansive framework acts to block out accurate NOS 
messages in authentic inquiry activities. Therefore, teachers must work towards creating an 
experience that causes the student to become dissatisfied with their NOS conceptions through a 
conceptual change model.  
Appleton’s (1997) model of conceptual change discusses three potential pathways 
students can take when confronted with a scenario that challenges their understanding of 
phenomena. The first pathway is a when a student thinks they understand the conception and 
disengages with the lesson – prematurely exiting from the encounter. This is when a student 
decides the new idea fits perfectly with an existing idea, even though it does not fit (Clough, 
2006). Therefore, this pathway does not lead to conceptual change and may strengthen the 
previous misconceptions or cause the student to dismiss the new information altogether. The 
second pathway holds that the student finds an approximate fit with the encounter where they 
decide to accept the fit (and exit prematurely), or work to accumulate more knowledge to make 
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sense out of why it doesn’t totally fit. The third and most desirable pathway finds the student 
acknowledging an incomplete fit, which leads to a search for additional information to resolve 
the incongruence. Science instructors need to expose students to scenarios that force them to the 
third pathway and help those who get stuck in either of the other available pathways. 
Because students hold onto misconceptions of the NOS so strongly, again because of 
years of experience, teachers need to create conceptual change scenarios to force the students to 
abandon their conceptions for ones that are more accurate. For this to be successful, teachers 
need to understand potential pathways that students may take when interpreting a created 
situation. Creating the context is difficult but planning explicit lessons to confront students’ NOS 
notions that involve questioning, drawing students’ attention to features of the encounter they 
may have missed, and using students’ ideas in discussion are important in persuading students to 
reexamine their ideas (Clough, 2006). The use of explicit and reflective pedagogical decisions 
therefore becomes a crucial component of designing an effective conceptual change event.  
To create scenarios that are explicit and reflective and create conceptual change, 
activities that address the NOS need to be explored. These activities live on a continuum that 
ranges from decontextualized to highly contextualized settings. To begin to unpack the NOS, 
students must have a base of knowledge to build upon. Clough (2006) acknowledges the use of 
black boxes, puzzle solving activities, and discrepant events, when used in the absence of science 
content, create decontextualized NOS instruction. Decontextualized activities directly illustrate 
important ideas about the NOS in an explicit and reflective manner; this creates a base of 
knowledge that will be used to introduce complex NOS issues that students will later explore in 
contextualized settings. Many of these types of activities can be used in accord to create 
conceptual change scenarios (Pintrich et al., 1993). Once students are exposed to NOS ideas and 
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have a fundamental understanding of the premise, they can be exposed to more highly 
contextualized settings.  
Moderately contextualized settings appear as lab activities where the students are acting 
like scientists. By having students reflect upon the process of science within their own lab 
experiences, instructors hope that students will begin to see NOS in their science practice. 
Clough and Olson (2001) note that these settings can create a dual mindset of NOS conceptions; 
one that depicts school science and the other depicts how real science works. They add that 
learners have the ability to hold onto two incongruent perspectives without conflict, as noted in 
the research of Resnick (1987), Galili and Bar (1992), Mortimer (1995) and Tyson et al. (1997). 
It is important to note that students may view these activities as being not how real science 
works, keeping their misconceptions alive and well. Teachers do resist using decontextualized 
activities because they appear as an add-on that takes time away from content instruction (Abd-
El-Khalick et al., 1998; Lakin & Wellington, 1994; Clough & Olson, 2001).  Students can also 
dismiss these activities as not being like real science. These activities have importance though as 
they play a small role in getting students to reexamine their conceptions (Clough, 2006) and 
continue to build students NOS ideas.  
The far end of the continuum holds explicit and reflective settings known as highly 
contextualized NOS activities. In this instruction, students are exposed to real science via 
scientists or historical and contemporary examples of science practice. Here, science content and 
NOS ideas are tightly connected, forcing students attention to important NOS issues that are 
“entangled in science content and its development” (Clough, 2006). By teaching in these 
settings, learning of content and NOS appear seamless, reducing the dual mindset of school 
science versus authentic science. Clough (2006) argues that highly contextualizing the NOS 
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requires integrating historical and contemporary science examples that connect fundamental 
ideas to commonly taught subject matter. The use of the continuum, from decontextualized to 
highly contextualized, and back and forth, is crucial to building accurate NOS conceptions in 
students. Teachers must explicitly plan for activities that build towards the use of highly 
contextualized instruction. 
Through the use of historical short stories, a supplement to draw students’ attention to 
scientists’ authentic practice, students can gain a strong understanding of the NOS in a highly 
contextualized setting. An adequate understanding of the NOS, therefore, is central to increased 
scientific literacy (Klopfer, 1969; NSTA, 1982). By viewing the history of scientific 
advancements, many NOS questions can be unraveled and investigated. Matthews (1994) 
provides the following list as reasons for including a historical component when teaching 
science: 
1. History promotes the better comprehension of scientific concepts and methods 
2. Historical approaches connect the development of individual thinking with the 
development of scientific ideas 
3. History of science is intrinsically worthwhile. Important episodes in the history of science 
and culture-the scientific revolution, Darwinism, the discovery of penicillin and so on 
– should be familiar to all students 
4. History is necessary to understanding the nature of science 
5. History counteracts the scientism  and dogmatism that are commonly found in science 
texts and classes 
6. History, by examining the life and times of individual scientists, humanizes the subject 
matter of science, making it less abstract and more engaging for students.  
7. History allows connections to be made within topics and disciplines of science, as well as 
with other academic disciplines; history displays the integrative and interdependent 
nature of human achievements.  
Through a historical approach, students are exposed to the development of ideas, the pitfalls 
scientists worked through, and how society influenced and was impacted by the scientific ideas. 
These examples within the history of science are evidence that the NOS should be included in a 
descriptive approach – that attends to what science is really like, instead of a normative approach 
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– what science should be like. A study done by Clough, Herman, and Smith (2010) found that 
post-secondary students’ interest in science and science careers increased after reading several 
historical short stories addressing how scientific knowledge was developed and came to be 
accepted. These stories can be used in highly contextualized settings to push students to 
explicitly and reflectively make sense of NOS conceptions.  
 
Current State of NOS Instruction 
 Current research findings indicate that a minimal amount of accurate and effective NOS 
teaching and learning is taking place. Clough and Olson (2012) found that even with a wide 
variety of efforts aimed at encouraging teachers to devote explicit attention to the NOS, the 
efforts have had little effect. This sentiment may derive from teachers being unconvinced of the 
importance in emphasizing the NOS as a cognitive objective and not wanting to give up 
instructional time for “add-on” materials that distract from the content (Abd-El-Khalik, Bell, 
Lederman, 1998; Lederman, 1998). Teachers are not the only issue though in keeping NOS out 
of classroom instruction. Lakin and Wellington (1994) found that NOS instruction appears to be 
contrary to “expectations held of science and science teaching in schools, not only by teachers 
and pupils but also those perceived as being held by parents and society.” Because all of these 
stakeholders have “experienced” school science devoid of explicit NOS instruction, it is deemed 
as unnecessary and time wasting. Because many teachers did not experience accurate and 
explicit NOS instruction as students, and were not exposed to research findings on the NOS, 
many teachers do not consider it as an important component of science education (Abd-El-
Khalick et al., 1998; King, 1991).  If this trend continues, the vicious cycle described above will 
continue its course churning out more science illiterate citizens. 
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 Due to legislation over the past ten years (e.g., No Child Left Behind Act, 2001), NOS 
instruction has continued to be an afterthought in science education. No Child Left Behind 
(NCLB) forced many teachers to adapt a “teaching to the test” agenda, therefore reducing time 
for NOS. David Labaree (1997) speculated that an overreliance on testing causes students only to 
care about what will be on the test, and NCLB seems to have transferred this mantra from 
students to teachers with the attitude: “Whatever is not on the test is not worth knowing, and 
whatever is on the test need be learned only in the superficial manner that is required to achieve a 
passing grade” (p. 46). Due to NCLB, teachers have felt great pressure to focus their energies 
towards solely preparing students to perform well on standardized tests.  
 Just recently, science education reform in the U.S. took another potentially backwards 
step in regards to the NOS, by creating the Next Generation Science Standards (NGSS), which 
have been adopted by 12 states as of August 2014 (Heiten, 2014). The NGSS approaches the 
issues of explaining both the natural world and what constitutes the formation of “adequate, 
evidence-based scientific explanations” by engaging students in scientific and engineering 
practices (NRC, 2013, Appendix H). The NGSS developers believe that students will implicitly 
learn about the formation of explanations (NOS) by engaging in activities the way a scientist or 
engineer would. The NGSS also created a NOS matrix with the basic understandings about the 
NOS:  
 Scientific Investigations Use a Variety of Methods  
 Scientific Knowledge is Based on Empirical Evidence  
 Scientific Knowledge is Open to Revision in Light of New Evidence  
 Scientific Models, Laws, Mechanisms, and Theories Explain Natural Phenomena  
 Science is a Way of Knowing  
 Scientific Knowledge Assumes an Order and Consistency in Natural Systems  
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 Science is a Human Endeavor  
 Science Addresses Questions About the Natural and Material World  
 
The matrix creates a list of tenets for students and teachers to memorize, not a list of questions 
for students to ponder while making sense of NOS in highly contextualized settings. The idea is 
that the eight understandings of the NOS and the intersection of the understandings with science 
and engineering practices, disciplinary core ideas, and crosscutting concepts will form students’ 
accurate NOS conceptions (NRC, 2013, Appendix H). The NGSS also places the NOS in the 
context of science practices, which is problematic as students are taught what scientists do, but 
not why they do it. As Matthews (1994, p. 37) asserted, 
“All science curricula contain views about the nature of science: images of science that 
influence what is included in the curriculum, how material is taught and how curriculum 
is assessed. The image of science held by curriculum framers sets the tone of the 
curriculum, and the image of science held by teachers’ influences how the curriculum is 
taught and assessed. When spelled out, these images of science become statements about 
the nature of science, or about the epistemology of science.” 
 
 The NGSS will create a vision of science and scientists for students. Unfortunately the lack of 
explicit NOS content in the standards will continue to drive the vicious cycle that already exists.  
 
Reason for this Study 
 As the literature review alludes, teachers do not accurately teach the NOS for multiple 
reasons. However, teaching accurate conceptions of NOS is found in nearly all current science 
education reforms and holds significant importance in the school science experience.  It is known 
that teachers do not teach the NOS because there are not materials available for them to use, and 
many lack an understanding of what is meant by the NOS. Teachers also do not think that 
enough time exists in the school year to cover the NOS as well as science content.  If teachers 
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had a way to cover the NOS while teaching content with materials that were highly 
contextualized, students would be able to begin to deconstruct their inaccurate conceptions of 
NOS and replace them with accurate ones. As Matthews (1994) puts it, “meaningful discussions 
of these questions (what is the nature of science?) requires sophisticated thinking, and a good 
stock of basic information about particular parts of the history of science and philosophy of 
science” (p. 48). The creation of thirty historical short stories that feature embedded NOS 
statements and NOS questions wrap NOS in a highly contextualized way. These stories can be 
used to overtly draw students’ attention to NOS concepts while teaching science content, 
therefore not using up additional time that many teachers feel is nonexistent. By using the history 
of science – the stories themselves, and the philosophy of science – the embedded questions and 
text, students can take part in meaningful discussions that form an accurate view of the NOS. 
The history of science articles can be used to support secondary teachers in accurately and 
explicitly teaching the NOS.  
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CHAPTER 3.  RESEARCH METHODOLOGY 
 
Study Purpose 
 This study set forth to determine the impact of historical short stories on high school 
students’ NOS conceptions and to identify their attitudes towards reading such stories. The 
following research questions were investigated:  
1. Does the use of historical science stories with explicit NOS statements and questions 
improve secondary science students’: (a) accurate understanding of fundamental NOS 
concepts made explicit in the story and (b) recollection of historical examples that 
logically support their NOS thinking? 
2. What are secondary science students’ attitudes are toward: (a) reading the short stories 
compared to a traditional textbook reading, and (b) reading about scientists and how 
science ideas are developed? 
Study Context 
The study reported occurred in three sections of General Chemistry and three sections of 
Chemistry taught at a suburban high school located in the Midwestern United States. These 
students were a subset of a larger study conducted by Reid-Smith (2013). The student population 
at this high school is 91% Caucasian with 23% of students receiving free or reduced lunch.  The 
school operates on an eight-period schedule with classes meeting for 45-minute periods.  The 
school offers three levels of chemistry: General Chemistry, Chemistry, and Advanced Placement 
(AP) Chemistry to its students. 
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General Chemistry is a lower level course designed for junior and senior students who 
struggle with math and are unlikely to pursue a traditional four-year post-secondary college 
option. The course covers the fundamental aspects of chemistry at a slower pace with less 
emphasis on mathematical modeling. Most students who register for General Chemistry do not 
have the academic standing of those who register for Chemistry.  Chemistry is a more advanced 
course taken primarily by freshman and sophomores (also available to juniors and seniors) 
interested in taking more advanced science coursework and pursuing traditional post-secondary 
schooling. For this reason, many students will take this course early in their freshman year to 
open up their schedule for more advanced courses in their later years. While the Chemistry and 
General Chemistry courses are not required for high school graduation, all students must 
complete three years of science credit. Thus, most students at this school register for one of the 
two chemistry courses.  
Thirteen sections of Chemistry and three sections of General Chemistry were offered at 
the time of the study. The researcher taught the three sections of Chemistry and three sections of 
General Chemistry in which the study took place. The students in the researcher’s sections were 
introduced to the study at the beginning of the second semester. The informed consent form 
appearing in Appendix A was provided to the students. The study and its intent were described, 
and students were informed that participation was entirely voluntary with no impact on their 
grade whether or not they participated. Students and parents were provided with contact 
information for all researchers involved in the study and encouraged to ask questions about the 
study or participation in it. Students were provided two weeks to return the consent form. To be 
included in the study, both student and parent/guardian signatures were required.  
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Of the 48 students enrolled in the three sections of General Chemistry, 37 agreed to take 
part in the study. Of the 59 students enrolled in the three sections of Chemistry, 47 agreed to be 
part of the study. The total sample size was 84 out of 107 possible students.  
 At the time of the study, the researcher teaching the two courses was completing his fifth 
year as a high school science teacher. The teacher possessed a B.S. in biology with a minor in 
educational computing and held state endorsements to teach chemistry, biology and general 
science. The teacher/researcher has previously taught high school biology, environmental 
biology, chemistry, general chemistry and anatomy courses. At the time of the study he had 
completed most all coursework for an M.S. degree in education that included a nature of science 
and science education course, application of learning theories specific to science education, 
advanced science pedagogy, and natural and physical science courses.  The researcher is 
passionate about increasing students’ knowledge of the history of science, the nature of science 
and student interest in science and science careers. 
 
Study Methodology 
 This study employed a mixed methods research approach utilizing randomized control 
group pretest-posttest design (Isaac & Michael, 1971) to answer the research questions. A mixed 
methods approach was chosen as both qualitative and quantitative data collection were deemed 
most beneficial to answering each research question. The randomized control group design 
selected class periods at random for treatment and control groups. To do so, a coin was flipped 
and two sections of each class were selected as the treatment group.  The treatment groups for 
General Chemistry consisted of 24 participants divided into two classes and 13 participants in the 
Control group (one class). The treatment groups for Chemistry included 29 participants divided 
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into two classes and 18 participants in the control group (one class). Both treatment and control 
groups were pretested at the start of the second semester and post-tested at the end of the 
semester. Conditions were, to the extent possible, kept the same with the exception for exposing 
the treatment group to historical short stories with explicit attention given to NOS concepts. Data 
was collected with surveys featuring Likert sub-item options, both open ended questions and 
restricted categorical responses and semi-structured interviews.  
 To determine participants’ NOS conceptions as well as their use of historical examples in 
defense of those conceptions, the Views on Science and Scientific Inquiry Questionnaires 
(VOSSI – in Appendix B), (described later in this chapter) was given as a pre-posttest. 
Participants from the treatment groups were randomly selected and twenty-six were interviewed 
after completing the posttest. The semi-structured interviews were conducted to verify 
participants’ conceptions with those indicated on the Likert sub-items and in the written response 
and employ a deeper investigation into participants’ NOS conceptions.  
 To answer the second research question, a second survey, the Interest/Attitude Survey 
(Appendix C) was given pre-posttest to both treatment and control groups for General Chemistry 
and Chemistry participants. This survey featured categorical responses, Likert sub-item answers, 
and open-ended questions referring to the participants’ interest in attitudes towards the story 
delivery method and content. Interviews were also conducted to verify participants’ survey 
responses and allow for a deeper analysis of participant conceptions. 
 
Treatment vs Control Groups 
 The Chemistry treatment and control groups were taught following the same curriculum 
and content for the given units of study, as were the General Chemistry treatment and control 
30 
 
groups. The Chemistry course curriculum consisted of periodicity, bonding, chemical reactions, 
and stoichiometry while the General Chemistry curriculum consisted of chemical reactions, gas 
laws, and food chemistry. The same teacher taught all Chemistry and General Chemistry 
treatment and control classes and, to the extent possible, kept factors related to each course the 
same.  
The Chemistry and General Chemistry treatment group students received historical 
science stories that overtly drew their attention to NOS ideas that would otherwise be implicit in 
the stories. These stories were chosen as they aligned with science content dictated by the 
curriculum. The NOS ideas addressed by the treatment stories in both Chemistry and General 
Chemistry treatment groups included: social and cultural issues on science, imagination and 
creativity in science, social interaction among scientific researchers, development and acceptance 
of science ideas, establishment of scientific knowledge, and scientific laws compared to theories. 
The treatment stories included text boxes that highlighted NOS concepts along with embedded 
questions that forced students to think deeply about NOS ideas.  NOS instruction in the treatment 
sections was limited to discussion of the readings and the embedded questions. 
Control group students received instruction aligned with science content as dictated by 
the curriculum. In the place of the treatment stories, control groups read other types of science 
stories or watched videos that displayed content similar to the stories read in the treatment group. 
These control group experiences were devoid of textboxes and embedded questions that would 
overtly draw students’ attention to NOS ideas.   
The treatment stories originated from a prior NSF project directed at the post-secondary 
introductory science level (Clough, 2006). These stories, which are freely available at 
www.storybehindthescience.org, were modified for use at the secondary school level by Reid-
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Smith (2013). The modifications included: shortening the textual length of the story, reducing 
the complexity of vocabulary in the stories, embedding more NOS and content specific questions 
throughout the stories, and the insertion of visual aids, including photographs of scientists 
involved in the development of science ideas, photographs and diagrams of equipment used by 
scientists in the stories, and drawings and diagrams to help students understand the abstract ideas 
described in the stories. The additional NOS and content questions helped to divide up the text, 
keeping students engaged while reading, and help them identify key NOS and content ideas 
within the story.  
 
Chemistry Treatment and Control 
In the Chemistry treatment group, three stories were implemented: A Puzzle with Many 
Pieces: Development of the Periodic Table, Conservation of Mass: The interplay of creativity 
and collaboration between scientific laws and theories, and the Building Ideas: The Origin of 
Modern Atomic Theory (see Appendices D-F). Table 1 notes the NOS ideas overtly addressed in 
each story. 
The control group for Chemistry completed three different readings that covered the same 
information: periodic table, conservation of mass, and a shortened summary of atomic history 
(see Appendices I-K). The control materials were chosen for similar content to minimize 
differences between control and treatment groups and came from various high school level 
chemistry texts and were part of the prior school year curricular materials.  
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General Chemistry Treatment and Control 
General Chemistry units of study during this semester consisted of chemical reactions, 
gas laws, and food chemistry. The historical science stories used in the General Chemistry 
treatment group included Conservation of Mass: The interplay of creativity and collaboration 
between scientific laws and theories, Early Developments in the History of Thermometry and A 
Matter of Degrees: the Early History of Heat (see Appendices E, G-H). Table 2 notes the NOS 
ideas overtly addressed in each story. 
 
Table 1.  Chemistry Treatment Group Stories and NOS Ideas Overtly Addressed 
Stories NOS ideas overtly addressed 
Development of 
the Periodic 
Table 
 Imagination and creativity in science 
 Social interaction among researchers 
 Development and acceptance of science ideas 
 Establishment of scientific knowledge 
 Scientific laws compared to theories 
Conservation of 
Mass 
 Imagination and creativity in science 
 Social interaction among researchers 
 Development and acceptance of science ideas 
 Establishment of scientific knowledge    
 Social and cultural influences on science 
 Scientific laws compared to theories 
Development of 
the Atomic 
Model 
 Imagination and creativity in science 
 Social interaction among researchers 
 Development and acceptance of science ideas 
 Establishment of scientific knowledge    
 Social and cultural influences on science 
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Table 2.  General Chemistry Treatment Group Stories and NOS Ideas Overtly Addressed  
Stories NOS ideas overtly addressed 
Conservation 
of Mass 
 Imagination and creativity in science 
 Social interaction among researchers 
 Development and acceptance of science ideas 
 Establishment of scientific knowledge 
 Social and cultural influences on science 
 Scientific laws compared to theories 
Developments 
in 
Thermometry 
 Imagination and creativity in science 
 Social interaction among researchers 
 Development and acceptance of science ideas  - 
 Establishment of scientific knowledge    
 Social and cultural influences on science 
Early History 
of Heat 
 Imagination and creativity in science 
 Social interaction among researchers 
 Development and acceptance of science ideas 
 Establishment of scientific knowledge    
 Social and cultural influences on science 
 Scientific laws compared to theories 
 
The control group for General Chemistry completed one reading covering the periodic 
table (same as Chemistry - Appendix I) and a PBS program, NOVA: Absolute Zero, addressing 
the development of thermometry and the development and acceptance of the theory of heat. 
These materials were used to minimize differences between control and treatment groups and 
came from a high school level chemistry text and the PBS website.  
 
Pedagogical Implementation Practices 
 In both the Chemistry and General Chemistry sections in which this study took place, the 
instructor created a classroom culture that promoted discussion without fear of judgment or 
ridicule from students or teacher. By structuring frequent small group discussions, group 
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problem solving and whole class discussions throughout first semester, students were taught how 
to value others opinions, allow all ideas to be heard, and proper argumentation when they 
disagreed with other students’ ideas. The teacher modeled appropriate behaviors with wait time, 
scaffolding of participant questions to desired outcomes, and accepting all participant ideas in the 
context given by the participant.  This encouraged students to participate and feel comfortable 
sharing their ideas in small groups and with the entire class during the research semester. Both 
participant course evaluations and an external observer (Smith, 2013) characterized the instructor 
as having a positive and friendly attitude with students and promoting active participation and 
engagement. 
 
Chemistry  
 The stories were implemented near the start of each unit as an introduction and to raise 
questions. With the exception of the Conservation of Mass story (read in class when the 
instructor was absent), instruction for each story in the Chemistry class involved having students, 
as homework, read and answer the embedded questions over a two day span. Subsequently, two 
45 minute class periods were devoted to discussing the assigned story and embedded questions. 
Students were asked to discuss their answers to the embedded questions that were assigned as 
homework and come to a consensus answer with their partner(s) (1-2 additional students). This 
process usually lasted 10-15 minutes, and the instructor walked throughout the classroom to 
probe each group and ask questions to determine understanding or help guide struggling 
students. The remaining class time focused on whole class discussion of the content and 
embedded questions. To encourage student engagement, the instructor gave participation points 
for answering questions from the teacher, asking questions of peers, or making relevant 
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comments or questions to be used in the discussion. Throughout the discussion, the instructor 
asked probing, elaboration, and clarification questions to assist students in deeply reflecting on 
the NOS ideas in the stories. Students were required to participate at least three times during the 
discussions. Most students took advantage of these points, with a select few opting to turn in 
their questions to be graded after the discussion (this method was used to grade students who 
missed the in class discussion or did not gain all of their points).  
The Chemistry control group read text related to the science content, with two readings 
that gave some historical information of the material, but mainly focused on content. However, 
none of the readings overtly drew students’ attention to the nature of science. The history of the 
periodic table reading, from Modern Chemistry (Davis et al., 2002) textbook (Appendix I) , 
rather than the Mendeleev historical short story, was read prior to a Mendeleev card sorting 
activity, the same activity used in the treatment group. Students’ read the reading in class and 
answered questions based on the organization of the periodic table.   The development of the 
atomic model historical short story was utilized by the treatment group at the end of the school 
year to review for the final exam. In place of that historical short story, the control group read 
excerpts from Chemistry (Wilbraham, 2008) textbook (Appendix K), covering the different 
atomic models through time.  
While that reading did not feature embedded NOS questions, the instructor did ask 
students questions aimed at the models and the scientists responsible for their creation. This 
discussion closely resembled the content covered in the treatment group, which focused on who 
the scientists were, their contribution to the model of the atom, but stopped short of discussing 
the relevant NOS concepts presented. The periodic table and atomic model readings slightly 
convey that science is a creative endeavor (use of the word create/created), the time required for 
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development and acceptance of science ideas (a timeline of atomic models), and the atomic 
model also conveys the tentativeness of established scientific knowledge (the timeline of 
models), but the instructor did not ask questions related to these NOS concpets. The readings 
also reinforced, again implicitly, several common NOS misconceptions. The textbook readings 
are shortened and leave out much of the development of ideas, including the creativity of 
thinking and uncertainty and disagreements regarding the meaning of data. For example, the 
atomic model reading states, “The Bohr model gave results in agreement with the Hydrogen 
experiment” implies that data “tells” scientists the answer and removes the need for creativity in 
concluding what to make of data.  
The final reading, Travels with C (Appendix J),  described the journey of the element 
carbon through various chemicals, from the Modern Chemistry (Davis et al., 2002) textbook . It 
was used to help students understand how atoms are transferred in ecosystems and not created or 
destroyed. In both the treatment and control groups, the respective stories were followed by a 
building block stoichiometry lab. 
 
General Chemistry 
 Student homework completion in General Chemistry is typically low, and students often 
struggle with or do not complete assigned readings, therefore stories were completed in class. 
Treatment stories were read in class, at times by the instructor, other times by the student (with 
vocabulary sheets included). In some cases where small portions of a reading could easily be 
digested, students were assigned those portions as homework (typically when only a small 
portion of the reading was left). Because the General Chemistry sections in this study are the 
only sections of that course offered in the school, remaining on pace with other sections was not 
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an issue. Thus, more time was devoted to addressing the embedded questions in the treatment 
stories. Either individually or in small groups, students were assigned specific questions from the 
readings. If completed individually, students were then assigned to work with others to create a 
consensus answer. Similar to the Chemistry course, students were required to engage in the 
discussion a minimum of three times to gain participation points in the large class discussion. 
Questions were asked to draw students’ attention to the NOS ideas in the stories, promote deeper 
reflection about their own answers, as a request for evidence to support answers, or to make 
connections to other experiences or content. As in the Chemistry discussions, these experiences 
lasted over two to three class periods.  
The General Chemistry control group used the conservation of mass materials in the 
same manner as the Chemistry control sections. General Chemistry did not have access to 
textbook readings that delved into the development of thermometry and heat, causing the 
researcher to employ a video called “NOVA: Absolute Zero” (PBS, 2008). Within the video, 
similar historical content was covered over the development of thermometers and standardized 
scales, as well as the battle between theories of heat: caloric versus kinetic energy transfer. 
Students were asked questions pertaining to the science ideas while the video played and then 
additional questions were covered in greater detail in a discussion afterward. These questions did 
not focus on the NOS, rather asked the students to ponder “What might be the importance of 
having standardized scales of measurement for scientific work?” and “What problems might 
occur during scientific work if there were no standard scale of temperature?”  
Because the control materials used to cover temperature and heat discuss the work of 
scientists through a historical lens, the NOS was implicitly addressed through a highly 
contextualized activity. The “Absolute Zero” video implicitly and accurately conveys the NOS 
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concepts of social and cultural influence on science, imagination and creativity in scientific 
investigations, and time for development and acceptance of science ideas.  
 
Assessment Instruments 
 Two pencil and paper assessment instruments were used to collect participant data to 
answer the research questions. These included the Views on Science and Scientific Inquiry 
(VOSSI) questionnaire to ascertain participants’ views regarding particular NOS issues, and the 
Interest/Attitude Surveys I and II to ascertain participants’ interest and attitudes toward the 
treatment stories. Semi-structured interviews with an interview protocol (Appendix L) were also 
used with approximately 53 percent of study participants to assist in determining the validity of 
the VOSSI, and more deeply understanding participants’ responses on the paper and pencil 
assessment instruments.  
 
Views on Science and Scientific Inquiry Questionnaires 
The VOSSI questionnaire was used to measure participant understanding of NOS 
constructs covered in the readings utilized in both Chemistry and General Chemistry classes. The 
VOSSI is based on the structure of the Student Understanding of Science and Scientific Inquiry 
(SUSSI) questionnaire (Liang et al., 2006; 2008). The SUSSI questionnaire assesses student 
understanding of six NOS constructs with four Likert sub-items followed by an open-response 
question (See figure 1). The combination of Likert sub-items with an open-response question 
provides a valuable tool for assessing understanding of NOS constructs both qualitatively and 
quantitatively. Qualitative responses can be used to verify validity of the quantitative Likert sub-
items and afford richer information about students’ thinking regarding each NOS construct 
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(Liang et al., 2008), and they also may be used to determine the extent that students draw from 
the treatment stories as evidence for their post-treatment views. The VOSSI utilizes items 
assessing understanding of six NOS constructs from the original SUSSI questionnaire, on which 
previous validity and reliability testing has been conducted. An additional six items were 
developed by a group of four science education researchers, utilizing the same structure as 
SUSSI items, to assess NOS constructs not assessed by the SUSSI items (Clough, Herman, & 
Smith, 2010; Herman, Clough, & Olson, 2011). The full VOSSI instrument used in this study 
appears in Appendix B.  
An initial analysis of internal reliability was calculated using Cronbach's Alpha values. 
Cronbach's Alphas were used to determine the internal consistency between the Likert-item 
responses that comprised each NOS construct on the pre-VOSSI and post-VOSSI instruments. 
Cronbach's alphas ranged from 0.366 to 0.875 for the VOSSI instrument. Ideally Cronbach’s 
alpha values should be above .70 to identify confidence that the items in a scale are measuring 
the same underlying construct and can be combined into a single scale (Pearson, 2010). 
Cronbach’s alpha values are sensitive to the number of items in a scale; scales that feature less 
than ten items frequently produce Cronbach alpha’s below 0.70 (Pearson, 2010). Because the 
VOSSI constructs consisted of less than ten scale items and had been previously field tested, the 
instrument was deemed reliable.  
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Figure 1. SUSSI/VOSSI item example – NOS construct with four Likert-items and a written 
prompt. 
 
At the beginning of the spring semester in January, prior to the start of the study, all 
students’ understanding of the NOS was assessed using the VOSSI. In late May, following the 
last science unit of the semester, the VOSSI was again administered. Approximately sixteen 
weeks separated the pre and post VOSSI assessment.  A total of six constructs were included on 
the VOSSI assessment which came from the twelve created by Liang (2008), Clough, Herman, 
& Smith (2010) and Herman, Clough, & Olson (2011).  
 
Table 3. NOS constructs used in student VOSSI surveys  
_____________________________________________________________________________                                 
Social and Cultural Influences on Science 
Imagination and Creativity in Science 
Social Interaction among Scientific Researchers 
Time for Development and Acceptance of Science Ideas 
Tentativeness of Scientific Knowledge 
Scientific Laws Compared to Theories 
 
An effort was made to ensure that selected VOSSI items were aligned with NOS ideas 
targeted in the treatment stories. For example, both the Chemistry and General Chemistry 
treatment groups used the story Conservation of Mass: The interplay of creativity and 
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collaboration between scientific laws and theories. This story included text boxes stating “Note 
how the prevailing idea influences how experimenters interpret their work.” This text box draws 
students’ attention to chemist Joseph Black using the accepted Aristotelian idea that matter could 
not be created nor destroyed in guiding his work. Later in the story a question box appears asking 
the student to identify “How does this example illustrate that scientists are influenced by the 
predominant ideas of the culture in which they live?” Students are asked to draw from the story 
referring to Black, as well as other scientists Priestly and Stahl and link their work to cultural 
influences as described in the story. These types of text boxes and questions were included to 
overtly draw students’ attention to, and reflect on, the NOS ideas that society and culture do 
affect how science is conducted and accepted (VOSSI item 1C), and scientists use knowledge 
created by other scientists to guide their work (VOSSI item 3A).  
 Each VOSSI item also included a writing prompt immediately below the four Likert sub-
items. The writing prompt was included to determine the credibility of responses to the four 
Likert sub-items, provide a means to investigate the students’ depth of understanding of each 
construct, and determine whether students in their post-assessment would reference the stories in 
what they wrote. 
 
Interest and Attitude Surveys 
 The Interest and Attitude surveys employed were the same used by Smith (2010) in a 
similar study. Smith found that student comments during her study raised the issue whether 
students’ interest in the stories was related to their attitudes towards reading in general, 
conceptions of effective science learning and attribution of academic success.  
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 All students completed the Interest and Attitude Survey 1 (Appendix C) prior to 
implementing the stories. The Interest and Attitude Survey 1 includes three multi-item indices of 
Likert sub-items to measure students’ attitudes towards readings, conceptions of an effective 
science learning environment, and attributions of academic successes and failures. The survey 
consists of three sections of Likert scale questions: a set of 7-items to assess students’ attitude 
towards readings, a set of 10-items to assess students’ perceptions of an effective learning 
environment and the alignment of their views with reform-based teaching practices, and a set of 
8-items to assess whether students attribute their academic success to factors within their control 
(e.g., effort) or factors outside their control (e.g., luck, fixed intelligence, teachers). Initially, the 
researcher thought this data would be useful however it was later deemed unnecessary for this 
particular study. Students’ responses to the questions on Interest and Attitude Survey 1 were not 
used by the researcher to answer the given questions in the study. 
 At the end of the study, all students completed Interest and Attitude Survey 2. This survey 
was utilized to understand students’ attitudes toward and interest in the stories and to determine 
other factors that may have correlated with students’ interest in the stories. Students in the 
treatment groups took Chemistry Interest and Attitude Survey 2 (Appendix C), while students in 
the control groups completed Interest and Attitude Survey 2 – Post Control (Appendix C). The 
Chemistry Interest and Attitude Survey 2 included three multi-item indices measuring students’ 
reading attitude, perception of an effective science learning environment, and attributions of 
academic success. Additional Likert questions were included to assess students’ interest in the 
stories, interest in the stories compare to typical science class readings, preference for similar 
stories to replace typical class readings, perceived importance of understanding the NOS for high 
school science education, and perception of how the stories promoted understanding the NOS. 
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The control groups completed Interest and Attitude Survey 2 – Post Control which was identical 
to the Chemistry Interest and Attitude Survey 2, but lacked additional questions regarding what 
students liked and disliked about the stories.  
 
Semi-structured Interviews 
 After data were collected from the aforementioned instruments, semi-structured 
interviews were conducted with a randomly selected sample of participant volunteers. Thirty-two 
participants interested in completing interviews submitted their names, and because time did not 
permit all to be interviewed, twenty-six were randomly selected to take part in an interview. 
Interviews were conducted over a span of three weeks, with each interview lasting approximately 
ten minutes in length. Eight volunteered from the General Chemistry group, the remaining 
eighteen from Chemistry. To determine the credibility of participants’ Likert-item responses, 
each participant’s written response was analyzed for congruency with their Likert responses. 
Each Likert response was cross-checked with the written response for congruent NOS 
conception.  The interviews further assisted the research by providing a means to investigate the 
participants’ depth of understanding of each NOS construct, whether participants would make 
reference to the stories, and was also used to gain further insight into participants’ responses to 
the Interest and Attitudes Survey II questions. The interview afforded the researcher a deeper 
understanding of what the participants wrote in survey responses by asking for an explanation of 
their answers.  The interview questions can be found in Appendix L.   
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Data Analysis 
Research Question 1 
 Following the implementation of the historical short story treatment, control treatment 
groups VOSSI responses underwent statistical analysis to determine if significant differences 
existed between overall NOS understanding between the two groups. Participant responses to the 
six NOS construct Likert sub-items on the pre and post VOSSI were given numerical values, 
with a score of five representing the most informed view of NOS and one to represent the least 
informed view.  Each NOS construct contained four questions that participants answered on the 
1-5 Likert scale. The Likert scores were then added up (after reverse coding for negatively 
worded statements) to create a score ranging from four to twenty on each of the six NOS 
constructs. The higher the score, the more informed view the participant had regarding the given 
NOS construct. 
To address the first research question, participants’ pre and post data was entered into 
SPSS version 20. Multiple Analysis of Covariance (MANCOVA) tests for each control treatment 
group were performed on both General Chemistry and Chemistry groups. This statistical analysis 
compared treatment and control participants’ overall NOS understanding as measured on the 
VOSSI post assessments. VOSSI pre-assessment scores were included as a covariate to account 
for any pre-existing differences between control and treatment group participants.  Analysis of 
Covariance (ANCOVA) was completed to determine the significance of differences between 
Control and Treatment participants’ performance on individual NOS components (Tabachnick & 
Fidell, 2013).   
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Research Question 2 
 The interest and attitude survey results were used to answer the second research question. 
SPSS was used to calculate descriptive and frequency statistics for Interest and Attitude Survey 2 
to determine correlation between participants’ interest in the stories, preference for the stories 
versus typical class readings, preference for similar stories to replace typical class readings, 
perceived importance of NOS goal for HS science education, and perception of how the stories 
promoted the NOS goal.  Remaining data from the survey was omitted from this study. Interview 
data was used to then analyze the responses given on the Interest and Attitudes Survey II. Coding 
practices used by Reid-Smith (2013) were adopted as participants in this study were a subset of 
Reid-Smith’s larger study. Reid-Smith utilized Dedoose (2012) web application for analyzing 
qualitative and mixed methods data to code open response items regarding participants’ likes and 
dislikes in reference to the historical short stories. Common themes were then created from 
participants responses through reiterative rounds of open/initial and focus coding (Charmaz, 
2006; Saldana, 2009). Codes generated by Reid-Smith (2013) were used to analyze participant 
responses to generate focused categories specific to this study responses.  
 
Assumptions and Limitations 
 Several assumptions and limitations exist in this study. First, outside the treatment 
variable, the treatment and control groups are presumed to be, for all practical purposes, 
equivalent. As noted earlier, effort was made to approach this conjecture, but it cannot be 
assured.  Each class was randomly assigned as either control or treatment; however the 
distribution of special education and gifted students in each class, as well as students retaking the 
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course was random as well. Students are placed into classes by a computer program that sorts 
students based on their course selection and available time slots for each course. Therefore 
students’ pre-VOSSI scores may vary widely and to address this concern, MANCOVA analyses 
used pre-implementation scores as a covariate.  
 Second, the school’s mostly homogenous population may limit the applicability of the 
study’s results to more diverse settings. Schools around the United States may not have such low 
diversity; therefore the study may not be applicable. Third, the study also focused on just one 
science discipline which may limit its application to other science courses.  
Third, the researcher/instructor had previously taken a course addressing the nature of 
science and its implications for science education.  Backhus & Thompson (2006) report that, 
based on the results of their survey, “at most perhaps 6% of pre-service teachers will have taken 
such a [NOS] course as a requirement” (p. 74).  Thus, the instructor of this course can hardly be 
said to be typical of science teachers nationwide.  
Fourth, the instructor is presumed to have not unintentionally drawn control group 
students’ attention to NOS ideas. Because the instructor previously completed a Nature of 
Science and Science Education course and typically does make effort to draw students’ attention 
to and reflect on NOS ideas, he may have inadvertently done so in the control groups. The day-
to-day instruction was not video or audio recorded, and thus this issue cannot be ruled out. 
Finally, during the fall semester immediately preceding the study, the instructor did 
overtly teach the NOS. Students were exposed to both contextualized and decontextualized NOS 
activities throughout the first semester. Because the study took place in the second semester, 
NOS understanding developed in first semester could have influenced students in both the 
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treatment and control groups, and thus diminishes the impact of the treatment stories and/or 
create a ceiling effect in regards to students’ pre VOSSI results. 
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CHAPTER 4. RESULTS 
 
 
Introduction 
 The purpose of this study was to determine the impact of historical science stories 
containing overt NOS prompts on high school students’ NOS understanding and attitudes toward 
the stories. This chapter presents the results for the two research questions set forth in this study: 
1) Does the use of historical science stories with explicit NOS statements and questions 
improve secondary science students’: (a) accurate understanding of fundamental NOS 
concepts made explicit in the story and (b) recollection of historical examples that 
logically support their NOS thinking?  
2) What secondary science students’ attitudes are toward: (a) reading the short stories 
compared to a traditional textbook reading and (b) reading about scientists and how 
science ideas are developed? 
 
Reliability of the VOSSI Instrument 
 An initial analysis of internal reliability was calculated to determine consistency between 
Likert-items that comprised each NOS construct on the pre-VOSSI and post-VOSSI instruments. 
All VOSSI items are internally consistent with the exception of Law/Theory. Table 4 shows the 
internal consistency for each independent NOS construct.   
Table 4. Internal Reliability of the Six VOSSI constructs 
VOSSI Item N Cronbach’s α 
Social and Cultural Influences on Science  79 .720 
Imagination and Creativity  80 .871 
Social Interactions Among Scientists  80 .734 
Time to Develop and Accept Ideas  80 .875 
Tentativeness of Scientific Knowledge   79 .607 
Scientific Law and Theory 79 .366 
 
Research Question 1a 
  Before performing statistical analysis on control treatment survey results, the validity of 
study participants’ Likert responses were assessed by comparing a sample of participants’ 
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written responses and interview responses to their Likert responses. Of the twenty-six 
participants whose Likert responses were compared with their written responses, the congruency 
is as follows: social/cultural influence – 92 percent, imagination/creativity – 96 percent, social 
interaction – 100 percent, time – 100 percent, tentativeness – 96 percent and law/theory – 96 
percent. Thus, study participants’ Likert responses were deemed as a valid indication of their 
NOS views. Congruency of VOSSI items can be found in table 5. 
Table 5. Congruency of written responses to NOS Likert responses 
VOSSI Item Congruent Not 
Congruent 
Indecipherable No written response 
Social/Cultural 
Influence 
19/26 
(73%) 
2/26 (8%) 4/26 (15%) 0/26 (0%) 
Imagination/Creativity 24/26 
(92%) 
1/26 (4%) 1/26 (4%) 0/26 (0%) 
Social Interaction 22/26 
(85%) 
0/26 (0%) 4/26 (15%) 0/26 (0%) 
Time 25/26 
(96%) 
0/26 (0%) 1/26 (4%) 0/26 (0%) 
Tentativeness 21/26 
(81%) 
1/26 (4%) 3/26 (12%) 1/26 (4%) 
Law/Theory 25/26 
(96%) 
1/26 (4%) 0/26 (0%) 0/26 (0%) 
 
To address the first research question, a Multiple Analysis of Covariance (MANCOVA) 
test was performed to determine if significant differences existed between control and treatment 
participants’ overall NOS conceptions following the implementation of historical short stories.  
Analysis of Covariance (ANCOVA) tests were then conducted to determine the significance of 
differences between control and treatment groups’ performance on individual VOSSI items. 
Table 6 provides the pre and post means and standard deviations for the six VOSSI items for the 
control treatment groups for General Chemistry.   
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Table 6. General Chemistry VOSSI items – pre and post means and standard deviations 
NOS Component 
b 
Control  Pre 
(N=11)
a 
Control  Post 
(N=11)
a 
Treatment Pre 
(N=22)
a
 
Treatment Post 
(N=22)
a
 
M SD M SD M SD M SD 
Social Cultural Influences 11.64 1.57 12.55 2.73 13.59 2.44 14.36 2.46 
Imagination and Creativity 10.73 3.23 9.72 4.61 10.77 3.58 14.00 3.99 
Social Interactions 13.64 1.63 14.00 1.95 13.41 2.32 13.68 2.59 
Time 13.73 2.83 14.09 3.33 13.64 2.68 15.45 3.13 
Tentativeness 14.55 1.86 14.73 2.05 14.41 2.70 14.23 1.54 
Theory/Law 10.09 1.70 9.82 1.40 10.55 1.92 11.09 2.04 
a. Two Treatment Participants and two Control Participants are not included due to missing data 
points. 
b. Possible scores for each component range from a minimum of 4 to a maximum of 20.  
 
Results of the initial MANCOVA analysis of the General Chemistry treatment group 
show no significant difference in regards to increased NOS understanding than the control group 
(F= 1.412, p= 0.239, Wilks’ Lambda = 0.541, eta squared= 0.459). Although MANCOVA 
results indicated no significant differences between control-treatment groups in General 
Chemistry, ANCOVA analysis conducted on the six VOSSI items did reveal significance on one 
NOS construct. The univariate analysis of participants’ VOSSI scores as separate dependent 
variables showed a significant difference in understanding for one component: Imagination and 
Creativity (F=7.599, p=0.010, partial eta squared 0.197). The remaining five components: 
Social/Cultural Influence (F=3.724, p=0.63, partial eta .107), Social Interactions (F=0.129, 
p=0.722, partial eta squared 0.089), Time (F=1.336, p=.257, partial eta squared 0.041), 
Tentativeness (F=0.617, p=0.438, partial eta squared 0.020) and Law/Theory (F=3.427, p=0.074, 
partial eta squared 0.100) indicate no significant differences between groups. ANCOVA analyses 
can be found in Table 7. 
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Table 7. Univariate analyses of VOSSI items for General Chemistry 
Dependent Variable F Sig Partial Eta Squared 
Social Cultural Influence 3.724 (1,31) 0.63 0.107 
Imagination and Creativity 7.599* (1,31) 0.010 0.197 
Social Interactions 0.129 (1,31) 0.722 0.089 
Time 1.336 (1,31) 0.257 0.041 
Tentativeness 0.617 (1,31) 0.438 0.020 
Law Theory 3.427 (1,31) 0.074 0.100 
*significant at p < 0.01  
 
The same statistical tests were performed on data for the Chemistry groups. Table 8 
provides the pre and post means and standard deviations for the six VOSSI items for the control 
treatment groups for Chemistry. 
 
 Table 8. Chemistry VOSSI items – pre and post means and standard deviations 
NOS Component 
b 
Control  Pre 
(N=17)
a 
Control  Post 
(N=17)
a 
Treatment 
Pre 
(N=27)
a
 
Treatment 
Post 
(N=27)
a
 
M SD M SD M SD M SD 
Social Cultural Influences 13.12 3.06 13.47 2.94 14.63 2.37 15.93 2.06 
Imagination and Creativity 11.94 4.74 11.00 3.95 11.33 3.09 15.63 2.96 
Social Interactions 14.06 3.05 13.88 2.69 14.22 2.21 14.26 2.54 
Time 16.12 2.37 16.53 2.70 15.63 2.71 16.70 2.46 
Tentativeness 15.65 2.12 15.24 2.59 15.52 1.93 15.59 2.04 
Theory/Law 10.24 1.68 9.94 2.25 11.15 1.77 11.44 1.99 
a. Two treatment participant and one control participant are not included due to missing data 
points. 
b. Possible scores for each component range from a minimum of 4 to a maximum of 20.  
 
Results of the initial MANCOVA analysis of Chemistry participants show a significant 
difference in regards to increased overall NOS understanding of treatment in comparison to 
control participants (F= 7.292, p< 0.000, Wilks’ Lambda = 0.415, eta squared 0.585). Univariate 
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analyses of Chemistry participants’ VOSSI scores for each of the six VOSSI NOS items as 
dependent variables are shown in Table 9.  
Table 9. Univariate analyses of VOSSI items for  Chemistry 
Dependent Variable F Sig Partial Eta Squared 
Social Cultural Influence 10.647**  (1,42) 0.002 0.202 
Imagination and Creativity 19.634**
  
(1,42) 0.000 0.319 
Social Interactions 0.220        (1,42) 0.641 0.005 
Time 0.049        (1,42) 0.827 0.001 
Tentativeness 0.259        (1,42) 0.613 0.006 
Law/Theory 5.393*      (1,42) 0.025 0.114 
*significant at p < 0.005     **significant at p < 0.01 
The ANCOVA analysis of Chemistry participants’ scores show significant differences in 
three of the six VOSSI items. Social/Cultural Influence (F=10.647, p=0.002, partial eta squared 
0.202), Imagination and Creativity (F= 19.634, p<0.000, partial eta squared 0.319), and 
Law/Theory (F=5.393, p=0.025, partial eta squared 0.114) components all showed significant 
differences between control and treatment groups. Results for Social Interactions (F=0.220, 
p=0.641, partial eta squared= 0.005), Time (F=0.049, p=0.827, partial eta squared= 0.001) and 
Tentativeness (F=0.259, p=0.613, partial eta squared 0.006) components indicated no significant 
differences between groups.  
Research Question 1b 
Research question 1b sought to determine if participants, in written VOSSI responses 
and/or in their utterances during the semi-structured interviews, referenced the historical stories 
in a way that logically supported their NOS thinking.  Table 10 summarizes how many General 
Chemistry participants referenced a story: (1) in their written response, (2) in their verbal 
response, (3) in both their written and verbal response, and (4) in either their written or verbal 
response.  Table 11 summarizes the same questions for Chemistry. Two VOSSI written survey 
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responses, “time for development of science ideas” and “scientific laws and theories” were 
unintentionally omitted from the interview.  
Table 10. General Chemistry Treatment participant frequency of references to stories 
NOS Component Written 
Response 
Verbal 
Response 
Both Written 
and Verbal 
Either Written or 
Verbal 
Social/Cultural 
Influence 
1/8 0/8 0/8 1/8 
Imagination/Creativity 2/8 5/8 2/8 7/8 
Social Interaction 4/8 5/8 3/8 6/8 
Time 3/8 Not assessed Not assessed Not assessed 
Tentativeness 1/8 2/8 1/8 2/8 
Law/Theory 0/8 Not assessed Not assessed Not assessed 
 
Participants in the General Chemistry treatment group referenced the stories to support 
their NOS thinking regarding Imagination/Creativity (VOSSI item 2) at 88 percent when 
answering by written or verbal response. Social interaction among scientists (VOSSI item 3) was 
the second highest percentage using either written or verbal response at 75 percent. 
Social/cultural influence on science (VOSSI item 1) and tentativeness of scientific knowledge 
(VOSSI item 5) had the lowest percentage of written or verbal responses at 12.5 percent and 25 
percent respectively. Both Time for development of scientific ideas (VOSSI item 4) and 
scientific law/theory (VOSSI item 6) items were not assessed in the interview protocol therefore 
they cannot be analyzed for total response.  Verbal responses increased the likelihood of a story 
reference in all VOSSI items reviewed in the interview protocol with the exception of 
social/cultural influence (VOSSI item 1). Almost all of the written responses to VOSSI items 2, 
3, and 5 come from participants who also referenced stories in the interviews. 
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Table 11. Chemistry Treatment participant frequency of references to stories  
NOS Component Written 
Response 
Verbal 
Response 
Both Written 
and Verbal 
Either Written 
or Verbal 
Social/Cultural Influence 3/18 8/18 3/18 8/18 
Imagination/Creativity 5/18 14/18 4/18 15/18 
Social Interaction 7/18 11/18 7/18 11/18 
Time 7/18 Not assessed Not assessed Not assessed 
Tentativeness 12/18 11/18 10/18 12/18 
Law/Theory 0/18 Not assessed Not assessed Not assessed 
 
Participants in the Chemistry treatment group referenced the stories to support their NOS 
thinking regarding Imagination/Creativity (VOSSI item 2) at 83 percent when answering by 
either written or verbal response.  Tentativeness of scientific knowledge (VOSSI item 5) had the 
second highest percentage at 67 percent referencing the story either by written or verbal 
response.  Social interaction among scientists (VOSSI item 3) had 61 percent reference rate by 
either response type as well. Social/cultural influence (VOSSI item 1) was referenced only 44 
percent of the time by either written or verbal response type. Both time for development of 
scientific ideas (VOSSI item 4) and scientific law/theory (VOSSI item 6) constructs were not 
assessed in the interview protocol therefore they cannot be analyzed for total response.  Verbal 
responses increased the likelihood of a story reference in all VOSSI items assessed during the 
interview. Verbal responses increase the overall response score in all VOSSI items with the 
exception of tentativeness, where almost all written responses from a participant also 
corresponded with a verbal response. Almost all of the written responses to VOSSI items 1, 2, 3, 
and 5 come from participants who also referenced stories in the interviews. Examples of student 
responses to written and verbal questions are included below:  
“Scientist(s) I believe use their imagination and creativity everywhere. They have to 
use it to create an idea, hypothesis, experiment, and understand everything. 
Dalton used his imagination and creativity to make his assumptions, and drawings 
of atoms and molecules.” 
55 
 
“Society and culture could affect scientific research because based on the believes or 
equipment in your society, you might not be able or do the same research as 
someone else. Also you could be affected by other scientists in your society, use 
parts of their research to fuel yours. Like Dalton use(d) many different ideas from 
scientists to complete his theory.” 
“Science is building off of others, building off of previous knowledge. All knowledge 
comes from previous data. Like with the discovery of an atom. One guy found 
that there were electrons, another found the other particles.” 
“To an extent I think culture does effect the way a scientist sees things and the way he 
conducts different experiments. Because everybody has different beliefs and a 
scientist is no different.” 
“Question asked: To what degree do you think that scientists work with other scientists 
when doing research? I think they do most of the time it makes their job a lot 
easier and they can get different points of view of an experiment if they work 
together 
Follow up question: Can you think of an example where social interaction was taking 
place between scientific researchers? I think that scientists were discovering the 
atom and the different particles inside they came together to see what types of 
stuff that they had discovered like some scientist discovered negative particles 
charges positive charges and neutral particles of the atom” 
“Question: How do you think scientists use or do not use imagination and creativity in 
scientific investigations? I think going back to the last question they do use their 
imaginations and creativity when they're coming up with ideas because maybe 
they'll have to find a new way to solve the problem or new way to test like 
coming up with new equipment or new ideas of how to solve the problems so they 
would have to have some level of creativity 
Follow up question: can you think of a specific example? Trying to remember his name 
he was I think his name was it wasn't Priestly it was Lavoisier I believe it was him 
that was creating new equipment and people can disagreeing with them because 
he was coming up with this new equipment that they were really familiar with and 
the use using his creativity to solve problems in a different way that had already 
been done.” 
 
 
Research Question 2 
Following the implementation of all the historical stories, participants in the treatment 
group completed a second survey “Interests and Attitudes 2” (Appendix C), to determine their 
impressions of the readings. Participants were asked what they liked and disliked about the 
readings, if the readings increased their interest of science, how interesting they found the 
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readings in comparison to textbook readings, the percentage of time the historical stories should 
be used in the classroom, should learning about how science works and how science ideas are 
formed be a goal of science education, and if the stories helped them reach this goal.   
 
General Chemistry Participants’ Interest in the Stories 
 Table 12 summarizes the results of survey questions pertaining to the readings for 
General Chemistry and Table 13 summarizes participant attitudes toward reading. Interest ratings 
for the stories were completed on a five-point scale from (1) extremely uninteresting to (5) 
extremely interesting. 50 percent rated the readings as somewhat interesting or extremely 
interesting, while 33.3 percent of the participants rated them as extremely 
uninteresting/somewhat uninteresting.   However even with a polarized group, 75 percent of the 
participants rated the stories as somewhat more interesting/much more interesting than science 
textbook or other typical class readings; only 12.5 percent of participants found them somewhat 
less interesting. Participants also thought that stories similar to the readings should be used in 
place of other in class readings texts, such as the textbook. 66.6 percent of the participants 
desired 75 or 100 percent of readings to be replaced, while 16.7 percent wanted 50 percent 
replaced, and only 16.7 percent thought 0 to 25 percent should be replaced.  
 In addition to story specific questions, General Chemistry treatment participants were 
asked their impression of the act and benefit of reading. 54.2 percent of participants indicated 
they find reading enjoyable, while 29.1 percent disagreed with this statement, and 16.7 percent 
remained neutral. Participants were much less divided over reading being categorized as a 
difficult task. 75 percent of General Chemistry treatment participants reported the act of reading 
as not difficult. Participants did vary when asked if they find understanding what they read to be 
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difficult. 50 percent of participants disagreed that reading is difficult, while 25 percent agreed it 
is difficult and 25 percent remained neutral.  Participants were split when asked if they find 
reading boring: 45.8 percent responding it is not boring, 29.2 percent agreeing that it is, and 25 
percent stating neutral. 58.3 percent of participants also responded that reading is beneficial with 
12.5 percent disagreeing, followed by 45.8 percent agreeing that reading helps them learn, and 
20.8 percent stating it does not help them learn.  
 Question four on the survey asked participants to choose to what extent the readings 
portrayed science as more interesting than previously thought. Most of the participants reported 
that science was portrayed as being more interesting than they thought. 45.9 percent of 
participants found the stories portrayed science as somewhat more interesting/much more 
interesting, and 29.2 percent said it was no more or less interesting than they previously thought. 
Only a quarter of the participants felt that the readings portrayed science as much less/somewhat 
less interesting. Question five then asked participants about the stories’ impact on their interest in 
science content.  None of the participants found the stories to greatly increase their interest, 
while 41.7 percent of participants found their interest level was somewhat increased. 37.5 
percent found no impact on their interest level, followed by 20.8 percent of participants had 
decreased interest after reading the stories. 
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Table 12. Summary of General Chemistry responses to Interest/Attitude Survey2  
-Participant Interest in the stories  
Question 1: Overall, how interesting did you find this group of readings? 
 
% of 
Participants 
(N=24) 
1 
Extremely 
uninteresting 
2 
Somewhat 
uninteresting 
3 
Neutral 
4 
Somewhat 
interesting 
5 
Extremely 
interesting 
20.8 12.5 16.7 45.8 4.2 
Question 4: To what extent did the readings portray doing science as more interesting than you 
previously thought?   
 
% of 
Participants 
(N=24) 
1 
Much less 
interesting 
2 
Somewhat less 
interesting 
3 
No more or 
less interesting 
4 
Somewhat 
more 
interesting 
5 
Much more 
interesting 
20.8 4.2 29.2 41.7 4.2 
Question 5: To what extent did the readings increase your interest in the science content in the 
stories? 
 
% of 
Participants 
(N=24) 
1 
Greatly 
decreased my 
interest 
2 
Somewhat 
decreased my 
interest 
3 
No impact on 
my interest 
4 
Somewhat 
increased 
my interest 
5 
Greatly 
increased 
my interest 
12.5 8.3 37.5 41.7 0.0 
Question 6: How interesting did you find these readings compared to readings from a science 
textbook or other typical class readings?   
% of 
Participants 
(N=24) 
1 
Much less 
interesting 
2 
Somewhat less 
interesting 
3 
Equally 
interesting/ 
uninteresting 
4 
Somewhat 
more 
interesting 
5 
Much more 
interesting 
0.0 12.5 12.5 33.3 41.7 
Question 7: If stories similar to the readings used this semester were to replace class textbook 
readings (or other readings typically used in your science class), approximately what percentage 
of textbook readings would you like replaced?    
% of 
Participants 
(N=24) 
0%                 
(stories not 
replace any 
textbook 
readings) 
25% 
(stories 
occasionally 
replace any 
textbook 
reading) 
50% 
(stories replace 
about half 
textbook 
readings) 
75%  
(readings 
replace most 
textbook 
readings) 
100%  
(stories 
replace all 
textbook 
readings) 
4.2 12.5 16.7 20.8 45.8 
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Table 13. Summary of General Chemistry responses to Interest/Attitude Survey 2  
-Participant attitudes towards reading 
Question 10A: I find reading enjoyable 
% of 
Participants 
(N=24) 
1 
Completely 
disagree 
2 
Somewhat 
disagree 
3 
Neutral 
4 
Somewhat 
agree 
5 
Completely agree 
20.8 8.3 16.7 29.2 25.0 
Question 10D: I find reading difficult  
 
% of 
Participants 
(N=24) 
1 
Completely 
Disagree 
2 
Somewhat 
Disagree 
3 
Neutral 
4 
Somewhat 
Agree 
5 
Completely Agree 
41.7 33.3 20.8 4.2 0.0 
Question 10H: Reading is boring 
 
% of 
Participants 
(N=24) 
1 
Completely 
Disagree 
2 
Somewhat 
Disagree 
3 
Neutral 
4 
Somewhat 
Agree 
5 
Completely Agree 
20.8 25.0 25.0 16.7 12.5 
Question 10K: Reading is beneficial to me. 
 
% of 
Participants 
(N=24) 
1 
Completely 
Disagree 
2 
Somewhat 
Disagree 
3 
Neutral 
4 
Somewhat 
Agree 
5 
Completely Agree 
4.2 8.3 29.2 37.5 20.8 
Question 10R: I find understanding what I read difficult 
 
% of 
Participants 
(N=24) 
1 
Completely 
Disagree 
2 
Somewhat 
Disagree 
3 
Neutral 
4 
Somewhat 
Agree 
5 
Completely Agree 
20.8 29.2 25.0 25.0 0.0 
Question 10V: Reading does not help me learn. 
 
% of 
Participants 
(N=24) 
1 
Completely 
Disagree 
2 
Somewhat 
Disagree 
3 
Neutral 
4 
Somewhat 
Agree 
5 
Completely Agree 
20.8 25.0 33.3 12.5 8.3 
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General Chemistry treatment participants’ perceptions of NOS goal: Development of 
science ideas 
 
 Table 14 summarizes the results of General Chemistry treatment group survey responses 
pertaining to participant perceptions of the NOS goal: Development of science ideas. Question 
eight asked participants to give their opinion on whether learning about how science works and 
how scientific ideas are developed and become accepted should be a goal in science education. 
45.9 percent of participants chose this goal should be important/extremely important in high 
school science classes, followed by 41.7 percent agreeing that the goal should be somewhat 
important. Only 12.5 percent of participants felt that this should not be a goal or the goal should 
be of little importance to high school science classes.  Question nine then asked participants if 
the stories helped them reach the goal stated in question eight. 75 percent of participants 
somewhat agree or completely agree that the stories helped them reach this goal, with only 16.7 
percent remaining neutral. Only 8.4 percent of participants completely or somewhat disagreed 
with this statement. Even though participants found the stories helped them reach this goal, they 
did not want to be tested over it. 54.2 percent said they should not be tested over this goal, and 
only 12.5 percent agreed that they should be tested (Question 10U). When participants were 
asked if they want to learn about who developed science ideas (Question 10S) they stated they 
did not want to or did not really know if they wanted to. 41.6 percent of participants did not want 
to learn about who develops science ideas, while only 25 percent wanted to learn this 
information, and 33.3 percent stated they were neutral on the topic.  
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Table 14. Summary of General Chemistry participants responses to 
Interest/Attitude Survey2 -Perceptions of NOS goal: development of science ideas 
Question 8: Learning about how science works and how scientific ideas are 
developed and become accepted is a goal of science education.  How important do 
you think this goal is for high school science classes? 
% of 
Participants 
(N=24) 
1 
this should 
not be a 
goal of HS 
science 
classes 
2 
this goals 
should be of 
little 
importance 
3 
this goal 
should be 
somewhat 
important 
4 
this goal 
should be 
important 
5 
this goal 
should be 
extremely 
important 
in HS 
science 
classes 
4.2 8.3 41.7 41.7 4.2 
Question 9: These stories helped me reach the goal of understanding how science 
works and how scientific ideas are developed and become accepted. 
 
% of 
Participants 
(N=24) 
1 
Completely 
Disagree 
2 
Somewhat 
Disagree 
3 
Neutral 
4 
Somewhat 
Agree 
5 
Completely 
Agree 
4.2 4.2 16.7 58.3 16.7 
Question 10S: I want to learn about the people who developed the ideas we learn in 
science class 
 
% of 
Participants 
(N=24) 
1 
Completely 
Disagree 
2 
Somewhat 
Disagree 
3 
Neutral 
4 
Somewhat 
Agree 
5 
Completely 
Agree 
8.3 33.3 33.3 20.8 4.2 
Question 10U: Participants should be tested on their understanding of not only 
science ides, but also how scientists came to understand those ideas. 
 
% of 
Participants 
(N=24) 
1 
Completely 
Disagree 
2 
Somewhat 
Disagree 
3 
Neutral 
4 
Somewhat 
Agree 
5 
Completely 
Agree 
25.0 29.2 33.3 12.5 0.0 
 
Chemistry Participants’ Interest in the Stories 
 Table 15 summarizes the results of survey questions pertaining to the readings for 
Chemistry; Table 16 summarizes the participant attitudes toward reading. Chemistry participants 
were split on their interest in the stories with 40.7 percent reporting the stories to be somewhat to 
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extremely interesting, and 40.7 percent deciding they were extremely to somewhat uninteresting. 
However, 46.4 percent of participants found that the stories portrayed science as being somewhat 
more to much more interesting than they previously thought and 50 percent agreed they did not 
portray science anymore or less interesting than they already thought. Chemistry participants 
were more reluctant to replace typical textbook readings in class with stories. 35.7 percent of 
participants chose 75 to 100 percent replacement, while 39.3 percent chose 50 percent 
replacement. 25 percent of participants did not want the stories replaced or only 25 percent 
replacement.  
In addition to story-specific questions, Chemistry treatment participants were asked their 
impression of the act and benefit of reading. Chemistry treatment participants responded that 
reading is enjoyable and not difficult. 71.4 percent of participants stated they find reading 
enjoyable, 85.7 percent responded that they did not find reading difficult, and 70.6 percent said 
they understand what they read. Participants were more divided when asked if they find reading 
boring. 57.1 percent stated reading is not boring, while 25 percent stated that it is boring. Most 
participants found reading to be beneficial and help them learn. 78.5 percent stated that reading 
is beneficial, while 75 percent reported that reading does help them learn.  
 Survey question four asked participants to choose to what extent the readings portrayed 
science as being more interesting than previously thought. Chemistry participants were split 
between the readings portraying science as being more interesting and no change on their 
interest. 46.5 percent of the participants indicated somewhat more/much more interesting, with 
50 percent selecting no more or less interesting. Question five then asked if the stories increased 
participant interest in science content. Most participants reported no impact was made on their 
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interest. 50 percent of participants reported no impact, while 35.7 percent mentioned an increase 
in interest, and 21.5 percent less interested.  
Table. 15 Summary of Chemistry Treatment participants responses to Interest/Attitude Survey2  
- Participant Interest in the stories 
Question 1: Overall, how interesting did you find this group of readings? 
 
% of 
Participants 
(N=27) 
1 
Extremely 
uninteresting 
2 
Somewhat 
uninteresting 
3 
Neutral 
4 
Somewhat 
interesting 
5 
Extremely interesting 
7.4 33.3 18.5 25.9 14.8 
Question 4: To what extent did the readings portray doing science as more interesting than you 
previously thought?   
% of 
Participants 
(N=28) 
1 
Much less 
interesting 
2 
Somewhat 
less 
interesting 
3 
No more or 
less 
interesting 
4 
Somewhat 
more 
interesting 
5 
Much more 
interesting 
0.0 3.6 50.0 35.7 10.7 
Question 5: To what extent did the readings increase your interest in the science content in the 
stories? 
% of 
Participants 
(N=28) 
1 
Greatly 
decreased 
my interest 
2 
Somewhat 
decreased 
my interest 
3 
No impact 
on my 
interest 
4 
Somewhat 
increased 
my interest 
5 
Greatly increased my 
interest 
3.6 10.7 50.0 28.6 7.1 
Question 6: How interesting did you find these readings compared to readings from a science 
textbook or other typical class readings?   
% of 
Participants 
(N=28) 
1 
Much less 
interesting 
2 
Somewhat 
less 
interesting 
3 
Equally 
interesting/ 
uninteresting 
4 
Somewhat 
more 
interesting 
5 
Much more interesting 
3.6 17.9 23.1 32.1 14.3 
Question 7: If stories similar to the readings used this semester were to replace class textbook 
readings (or other readings typically used in your science class), approximately what percentage of 
textbook readings would you like replaced?    
 
% of 
Participants 
(N=28) 
0% 
(stories not 
replace any 
textbook 
readings) 
25% 
(stories 
occasionally 
replace any 
textbook 
reading) 
50% 
(stories 
replace 
about half 
textbook 
readings) 
75% 
(readings 
replace 
most 
textbook 
readings) 
100%  
 
 
(stories replace all 
textbook readings) 
10.7 14.3 39.3 14.3 21.4 
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Table 16. Summary of Chemistry Treatment participants responses to Interest/Attitude 
Survey2 - Participant attitudes towards reading 
Question 10A: I find reading enjoyable 
% of 
Participants 
(N=28) 
1 
Completely 
disagree 
2 
Somewhat 
disagree 
3 
Neutral 
4 
Somewhat 
agree 
5 
Completely 
agree 
3.6 10.7 14.3 25.0 46.4 
Question 10D: I find reading difficult  
 
% of 
Participants 
(N=28) 
1 
Completely 
Disagree 
2 
Somewhat 
Disagree 
3 
Neutral 
4 
Somewhat 
Agree 
5 
Completely 
Agree 
60.7 25.0 10.7 3.6 0.0 
Question 10H: Reading is boring 
 
% of 
Participants 
(N=28) 
1 
Completely 
Disagree 
2 
Somewhat 
Disagree 
3 
Neutral 
4 
Somewhat 
Agree 
5 
Completely 
Agree 
35.7 21.4 17.9 25.0 0.0 
Question 10K: Reading is beneficial to me. 
 
% of 
Participants 
(N=28) 
1 
Completely 
Disagree 
2 
Somewhat 
Disagree 
3 
Neutral 
4 
Somewhat 
Agree 
5 
Completely 
Agree 
0.0 0.0 21.4 32.1 46.4 
Question 10R: I find understanding what I read difficult 
 
% of 
Participants 
(N=28) 
1 
Completely 
Disagree 
2 
Somewhat 
Disagree 
3 
Neutral 
4 
Somewhat 
Agree 
5 
Completely 
Agree 
14.3 56.3 14.3 14.3 3.6 
Question 10V: Reading does not help me learn. 
 
% of 
Participants 
(N=28) 
1 
Completely 
Disagree 
2 
Somewhat 
Disagree 
3 
Neutral 
4 
Somewhat 
Agree 
5 
Completely 
Agree 
42.9 32.1 14.3 10.7 0.0 
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Chemistry treatment participants’ perceptions of NOS goal: development of science ideas 
Table 17 summarizes the results of Chemistry treatment group survey responses 
pertaining to participant perceptions of NOS goal: development of science ideas. Question eight 
asked participants to give their opinion on whether learning about how science works and how 
scientific ideas are developed and become accepted should be a goal in science education. 
Chemistry participants overwhelmingly supported this goal as being at important in secondary 
science classes. 67.9 percent of participants selected this goal should be or is extremely 
important, while 25 percent of participants said it is somewhat important. In question nine, 
participants responded in a similar fashion to question eight, stating that they agreed that the 
stories helped them reach this goal. 71.4 percent of participants somewhat or completely agreed 
that the stories helped them meet this goal while 21.4 percent were neutral. Only 7.1 percent of 
participants stated they somewhat disagreed with this statement. Even though participants 
responded highly of the NOS goal, they were split on whether or not they should be tested on the 
goal. 32.1 percent disagreed on Question 10U that they should be tested over this goal, 32.1 
percent agreed, and 35.7 percent remained neutral. Participants were also split when asked if 
they wanted to learn about the people who developed science ideas. 35.7 percent did not want to 
learn about scientists, 32.1 percent did want to learn and the final 32.1 percent stayed neutral 
(Question 10S).  
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Table 17. Summary of Chemistry participants responses to Interest/Attitude Survey2  
-Perceptions of NOS goal: development of science ideas 
Question 8: Learning about how science works and how scientific ideas are developed 
and become accepted is a goal of science education.  How important do you think this 
goal is for high school science classes? 
% of 
Participants 
(N=28) 
1 
this should 
not be a 
goal of HS 
science 
classes 
2 
this goals 
should be of 
little 
importance 
3 
this goal 
should be 
somewhat 
important 
4 
this goal 
should be 
important 
5 
this goal 
should be 
extremely 
important in 
HS science 
classes 
3.6 3.6 25.0 50.0 17.9 
Question 9: These stories helped me reach the goal of understanding how science works 
and how scientific ideas are developed and become accepted. 
 
% of 
Participants 
(N=28) 
1 
Completely 
Disagree 
2 
Somewhat 
Disagree 
3 
Neutral 
4 
Somewhat 
Agree 
5 
Completely 
Agree 
0.0 7.1 21.4 50.0 21.4 
Question 10S: I want to learn about the people who developed the ideas we learn in 
science class 
 
% of 
Participants 
(N=28) 
1 
Completely 
Disagree 
2 
Somewhat 
Disagree 
3 
Neutral 
4 
Somewhat 
Agree 
5 
Completely 
Agree 
10.7 25.0 32.1 25.0 7.1 
Question 10U: Participants should be tested on their understanding of not only science 
ides, but also how scientists came to understand those ideas. 
 
% of 
Participants 
(N=28) 
1 
Completely 
Disagree 
2 
Somewhat 
Disagree 
3 
Neutral 
4 
Somewhat 
Agree 
5 
Completely 
Agree 
10.7 21.4 35.7 32.1 0.0 
 
What Participants Liked and Disliked About the Short Stories 
 Participants in the General Chemistry and Chemistry treatment groups answered 
extended response questions on the Interest and Attitudes 2 Survey (Appendix C) in response to 
what they liked and disliked about the historical short stories. Participant responses were coded 
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following the open/initial coding and focus coding procedures (Charmaz, 2006; Saldana, 2009). 
Codes were not mutually exclusive to single participants as responses could refer to multiple 
codes for things they liked or disliked.  
 
What Participants Liked About the Short Stories  
 Treatment participants responses were divided into eight categorical themes that appeared 
throughout participant survey responses: (1) Mentally engaging, (2) Informative, (3) History of 
science, (4) Reading structure, (5) Helped with Classwork, (6) Not difficult, (7) Enjoy Science, 
(8) Liked nothing. Table 18 represents both General Chemistry and Chemistry treatment 
participants’ responses.  
 General Chemistry treatment participants gravitated towards two major themes in what 
they liked about the stories. The first theme with the most responses was the history of science. 
Participants liked reading about the development of science ideas (13%), seeing scientists 
working as humans (13%) and the overall history of science (17%). The second theme was the 
structure in which the stories were discussed. Twenty-nine percent of participants noted they 
enjoyed the group discussions that took place after the readings were read in class. This was not 
related to the stories themselves, rather the implementation process chosen by the instructor. Few 
participants (8%) found the stories to be mentally engaging and interesting while a larger number 
(17%) found them informative. Twenty-one percent of participants responded negatively to the 
question and stated they did not like anything about the stories.  
 Chemistry Treatment participants’ responses indicated that they liked the stories because 
they were mentally engaging, informative, featured the history of science, and for the reading 
structure. Twenty percent of participants stated the stories were mentally engaging or interesting 
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with another 28 percent participants saying they were informative. The history of science (10%) 
also drew a large number of responses as participants liked seeing the development of ideas 
(21%), as well as reading about scientists in a humanistic light (10%). Chemistry participants 
appreciated the reading structure based on its organization (7%), the amount of detail covered in 
the stories (10%), and the group discussions that took place in class (14%). Ten percent of 
participants indicated the stories were not difficult, while seven percent of participants indicated 
they did not like anything about the stories.  
Table 18. Summary of what participants liked about the treatment stories 
What Participants Liked Percentage of General 
Chemistry Participants 
(N=24) 
Percentage of 
Chemistry Participants 
(N=29) 
Mentally engaging 
Interesting 
8% 
8% 
3% 
17% 
Informative 17% 28% 
History of science 
Development of Ideas 
Scientists as People 
History in General 
17% 
13% 
13% 
4% 
10% 
21% 
10% 
3% 
Reading Structure 
Organization 
Amount of Detail 
Embedded Questions 
Group Discussions 
4% 
4% 
0% 
0% 
29% 
0% 
7% 
10% 
3% 
14% 
Helped with Classwork 4% 0% 
Not Difficult 8% 10% 
Enjoy Science 0% 3% 
Liked Nothing 21% 7% 
 
What Participants Disliked About the Stories 
 Treatment participants’ responses to the survey question regarding what they disliked 
about the stories was divided into nine categorical responses: (1) boring or uninteresting, (2) 
disliked the structure, (3) difficult to understand, (4) dislike reading, (5) not useful, (6) disliked 
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history of science, (7) dislike science, (8) disliked everything, and (9) disliked nothing. Table 19 
represents both General Chemistry and Chemistry Treatment participants’ responses. Numbers 
do not add to 100 percent as participants often gave more than one response.  
General Chemistry treatment participants responded that the stories were boring, they 
disliked the way they were structured, said they were difficult to understand and disliked reading 
in general. Twenty-five percent of participants responded that the stories were boring or 
uninteresting, while another 25 percent indicated they did not like stories in general. Participants 
did not like the structure of the stories based on length, stating it was too long (25%), they 
disliked the questions they had to answer (21%) and its overall organization (13%). 21 percent of 
participants also wrote that the stories were difficult to understand. Only 4 percent of participants 
responded to each of the following: disliked the history of science, disliked science, or disliked 
everything about the stories.  
Chemistry treatment participants had similar responses to those of General Chemistry: 
the stories were boring, they disliked the structure, found the stories difficult to understand, but 
also indicated the stories were not useful. Forty-one percent of responses indicated the stories 
were boring or uninteresting to participants in the Chemistry treatment group. Participants also 
indicated the stories were too long (21%), they disliked the questions (17%) and stated the stories 
were repetitive (10%). 28 percent of participants indicated the stories were difficult to understand 
while 17 percent thought the stories were not useful to the chemistry course. Only 4 percent of 
participants responded they disliked nothing about the stories or requested greater detail to be 
included.  
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Table 19. Summary of what participants disliked about the treatment stories 
What Participants 
Disliked 
Percentage of General 
Chemistry Participants 
(N=25) 
Percentage of Chemistry 
Participants (N=29) 
Boring or Uninteresting 25% 41% 
Disliked the structure 
Too Long 
Disliked Questions 
Too Much Info 
Repetitive 
Organization 
Want more detail 
 
25% 
21% 
4% 
4% 
13% 
0% 
 
21% 
17% 
3% 
10% 
0% 
3% 
Difficult to Understand 21% 28% 
Dislike Reading 25% 0% 
Not Useful 0% 17% 
Disliked History of 
Science 
4% 0% 
Dislike Science 4% 0% 
Disliked Everything 4% 0% 
Disliked Nothing 0% 3% 
 
General Chemistry treatment participant interview responses to short stories 
  During the semi-structured interviews, participants were asked three questions pertaining 
to the stories: (1) explain what you liked about these readings (2) to what extent did you like or 
dislike these readings compared to readings from a science textbook or other typical class 
reading and (3) learning about how science works and how scientific ideas are developed and 
become accepted is a goal of science education. “How important do you think this goal is for 
high school science classes?” was a follow-up question used to clarify participant answers. Eight 
General Chemistry treatment participants were interviewed. 
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 When asked to explain what they liked about the readings, General Chemistry participants 
responded with similar responses to the written surveys. Participants liked seeing how ideas were 
formed, readings materials that were not textbook-like, enjoyed the story format, and learning 
about how scientists came up with ideas and explained those ideas. They also reported that they 
liked the ensuing discussions that took place and having a different type of activity as opposed to 
note taking. When asked to what extent they liked the stories or a textbook reading more, all 
participants responded that they liked the stories much more than a traditional textbook reading. 
Participants selected the stories over traditional readings as they were more interesting to read 
and not as “wordy” as textbooks can be.  When participants were prompted with the final 
question of the set, should learning about how science works and how scientific ideas are 
developed and accepted be a goal, reactions were mixed. Most participants stated the goal was 
important but could not articulate why it was important. One participant responded that 
achieving this goal helps participants to interpret science concepts in the future, while another 
participant stated that they were unsure if it was important as they could not remember all the 
scientists’ names and felt others would struggle with this as well.  
 
Chemistry treatment participant interview responses to short stories 
 Eighteen Chemistry treatment participants answered the same questions as the General 
Chemistry participants listed above. Responses to the first question, “what did you like about the 
stories?” were similar to those listed on the written portion of the survey. Participants liked 
learning about the development of ideas, found the stories very informative, and liked reading in 
a story format. Participants also frequently commented that they liked the in-class discussions 
and felt like scientists debating the questions proposed in the readings. All eighteen participants 
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also reported liking the stories over traditional textbook readings. Many participants stated they 
liked the stories because they had a greater level of detail, were more interesting and liked the 
story format, commenting that it was very different from science reading materials they had 
experienced in past course work. The final question regarding understanding the development of 
science as goal for high school students was accepted by 16 of the 18 respondents. Two clear 
themes emerged from their interviews: the goal is important for those pursuing a science career 
and it is important for all students regardless of career choice. Many participants stated that it is 
important to understand what scientists do and how knowledge is formed if they are going to 
pursue a science-based career. Almost all participants also responded that it was important for 
students not following a science-based career path to understand the development of science 
ideas as it helps students understand the content and the context of science. A few participants 
reported that learning about this goal may also increase interest in science-based careers. A 
second group of participants, who did not mention a link to science-based careers, also echoed 
the idea that all students should have a general understanding of how science works and where 
ideas come from. The two participants who responded that this goal should not be included in 
high school science had similar reasons for its exclusion. One stated that it does not relate to 
students who are science career bound and those students do not find learning about the goal to 
be worthwhile. The second stated it is not important to know if one is going into medicine, but 
only important for those entering the field of history.  
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CHAPTER 5. DISCUSSION & CONCLUSIONS 
 
 
Study Overview 
 This study investigated the impact of historical science stories containing multiple 
prompts that overtly draw readers’ attention to particular NOS concepts illustrated in the stories. 
Specifically, this study set out to determine: 
1. Does the use of historical science stories with explicit NOS statements and questions 
improve secondary science students’: 
(a) accurate understanding of fundamental NOS concepts made explicit in the story, and 
(b) recollection of historical examples that logically support their NOS thinking? 
2. What are secondary science students’ attitudes toward: 
(a) reading the short stories compared to a traditional textbook reading, and 
(b) reading about scientists and how science ideas are developed. 
 
 
Research Question 1a: Impact of Stories on Participants’ NOS Understanding 
 
Summary of Findings for Research Question 1a  
 Following the intervention in the General Chemistry classes, no significant differences 
were found between the control and treatment groups’ overall NOS understanding. 
 Following the intervention in the Chemistry classes, significant differences were found 
between control participants’ and treatment participants’ overall NOS understanding.  
 In the General Chemistry classes, participants having read the short stories had a 
significantly better understanding of the NOS construct “Imagination and Creativity in 
Science”. No significant differences were observed in the remaining five NOS constructs: 
Social/Cultural Influences on Science, Social Interactions among Scientists, Time for 
Development and Acceptance of Science Ideas, Tentativeness of Science Ideas, and 
Scientific Laws and Theories.  
 In the Chemistry treatment classes, compared to the control participants, participants, 
after having read the short stories , had a significantly better understanding of three of the 
six measured NOS constructs: Social/Cultural Influences on Science, Imagination and 
Creativity in Science and Scientific Laws and Theories. No significant differences were 
observed in the three remaining NOS constructs: Social Interactions among Scientists, 
Time for Development and Acceptance of Science Ideas, and Tentativeness of Science 
Ideas. 
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General Chemistry 
Research question 1a related to the extent that participants’ accurate understanding of NOS 
concepts was impacted by the use of historical short stories utilized in the treatment group in two 
chemistry courses. Results of MANCOVA analyses indicate that General Chemistry 
participants’ overall NOS performance on the VOSSI (i.e., all six NOS constructs as a whole) 
did not change between the treatment and control pre-post assessments.  ANCOVA analysis did 
reveal a significant difference between treatment and control groups for one of the six VOSSI 
items: Imagination and Creativity in Science. Treatment group scores improved by 16.2 percent 
(+3.23 points of out of a maximum 20) while the control group decreased by 5 percent (-1.01 
points out of a maximum 20).  
The remaining five constructs in the General Chemistry sections did not show a significant 
difference between treatment and control groups. This lack of significance may be due to the 
control group materials or the instructor’s language during class discussions that inadvertently 
drew attention to these NOS constructs. The video clips used from “Absolute Zero” did feature 
scientists shaping and being shaped by culture/society, scientists working together and discussing 
results, and a timeline of events. A cursory view of the video makes clear that there was some 
overt portrayal of and perhaps narration that conveyed science in a collaborative manner, 
interaction between society and science, and time required in the development of science ideas. 
While the NOS ideas were not as overt as they were in the treatment stories, the video clips 
certainly were drawing the viewers’ attention to NOS ideas. Because the results of research 
question two has bearing on making sense of research question 1a this research question will be 
more extensively discussed later in this chapter after the discussion of research question two. 
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Chemistry 
Results of MANCOVA analysis on the Chemistry groups did indicate a significant difference 
in overall NOS understanding of participants in the treatment and control sections.  ANCOVA 
analysis revealed three of the six NOS constructs had significant differences when comparing 
individual NOS constructs between treatment and control groups. Treatment group scores 
increased for Social/Cultural Influences by +6.5% (+1.30 points of out of a maximum 20), the 
control group increased +1.8% (+0.35 points of out of a maximum 20); Imagination and 
Creativity treatment increased by 22% (+4.3 points of out of a maximum 20), control decreased  
-4.7% (-0.94 points of out of a maximum 20); and Theory/Law treatment increased +1.5% 
(+0.29 points of out of a maximum 20), control decreased -1.5% (-0.3 points of out of a 
maximum 20).  
The remaining three VOSSI items did not show significance: Social Interactions among 
Scientists, Time for Development and Acceptance of Science Ideas, and Tentativeness of 
Science Ideas. The reason for a lack of significance may be due to in class activities, language 
used by the instructor during class activities, and carryover of NOS instruction from first 
semester. In both treatment and control groups, participants had to create a timeline to represent 
the development of the atomic model, starting with Greek philosophers and documenting the 
atoms development, ending with its current conception in the twentieth century. In addition to 
the activity, language used by the instructor may have inadvertently drawn participants’ attention 
to NOS ideas.  It is also of interest that both control and treatment participants began with a more 
informed NOS conception on three of the six constructs: Social interactions (Control pre-score 
average= 14.06, Treatment pre-score average= 14.22), Time for development (Control pre-score 
average= 16.12, Treatment pre-score average= 15.63), and Tentativeness of Science ideas 
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(Control pre-score average= 15.65, Treatment pre-score average= 15.52); total scores have a 
maximum value of 20 (accurate, informed view of the NOS construct). These higher initial 
scores may result from NOS instruction that took place in the first semester with the instructor. 
This may also have led to no significance between groups, as well as an increase in total NOS 
construct score. Because the results of research question two has bearing on making sense of 
research question 1a this research question will be discussed later  in this chapter after the 
discussion of research question two. 
 
Research Question 1b: Participants recollection of historical examples that logically support 
their NOS thinking 
 
Summary of Findings for Research Question 1b 
 In the General Chemistry and Chemistry classes, participants often referenced the 
science stories in their written responses for the six VOSSI items. The exception was 
their written response to Scientific Laws and Theories. 
 In the General Chemistry and Chemistry classes, participants referenced stories more 
often in the interview than on the written expression portion of the VOSSI survey.  
 
Participants in both General Chemistry and Chemistry referenced stories on written 
response of the VOSSI survey; however this produced very low reference totals. This is not 
surprising as participants were high school students who do not like to write and often struggle to 
communicate their ideas in a written format. This conclusion is supported by an increase in 
participant references to the stories that took place in the semi-structured interviews. Participants 
in both courses, on the writing prompt and interview, did not reference the stories when referring 
to the Scientific Laws/Theories construct. 
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Both General Chemistry and Chemistry participants increased the number of story 
references when verbalizing answers to the semi-structured interview questions.  Participants 
were not asked specific questions on NOS constructs regarding “time for development of science 
ideas” or “scientific law/theory”. Speculation on these constructs is limited due to this oversight 
in methodology. Because the results of research question two has bearing on making sense of 
research question 1a this research question will be explored later on in this chapter after the 
discussion of research question 2. 
 
Research Question 2: Participants’ Interest and Attitude Towards the Stories 
 
Summary of Findings for Question 2 - General Chemistry 
 50 percent of participants found the stories at least somewhat interesting, with 32.7 
percent somewhat uninteresting/extremely uninteresting 
 75 percent of participants rated the stories as more interesting than reading from a 
traditional science textbook. Additionally, 83 percent of participants indicated they would 
like similar stories to replace at least half of their typical class readings.  
 45.9 percent of participants reported that the stories portrayed doing science as more 
interesting than they thought, while 25 percent reported doing science was portrayed as 
less interesting than they thought. 
 41.7 percent of participants indicated the stories increased their interest in related science 
content while 20.8 percent indicated decreased interest in the content.  
 An overwhelming number of participants (87.6%) agreed that how science works and 
science ideas are developed should be at least somewhat of an important goal in high 
school science classes while only 12.5 percent of participants reported it should not be a 
goal at all. Additionally, 75 percent of participants agreed that the stories at least 
somewhat helped them meet this goal.  
 In written responses regarding what they liked about the stories, General Chemistry 
participants most frequently reported liking the development of science ideas (13%), 
seeing scientists working as humans (13%), and the history of science (17%). Few 
participants stated the stories were engaging and informative. They also reported liking 
the discussions (29%), which were not part of the reading, but how the readings were 
facilitated in class.  
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 In written responses regarding what they disliked about the stories, participants 
responded that they found the stories boring (25%), and did not like the stories in general 
(25%). They stated they disliked the length (25%), the questions that were to be answered 
(21%), and found the stories difficult to understand (21%).  
 General Chemistry participants confirmed the survey results when responding to the 
interview questions.  
Discussion of Research Question 2 – General Chemistry 
 Approximately forty percent of all participants (41.7%) reported the stories increased 
their interest in science content, while almost half (45.9%) reported the stories portrayed science 
as more interesting that they thought. Three-quarters (75%) of participants expressed increasing 
the use of story-like readings to replace at least some of traditional classroom readings. Even 
though participants may not have liked the stories, they would much rather read from a historical 
story than their science textbook. This is encouraging, as 75 percent of participants reported 
reading the stories at least somewhat helped them meet the NOS goal of understanding how 
science works and scientific ideas are developed, a goal that 87.6 percent of participants deemed 
as at least somewhat important to high school science classes. 
On the surface, these results appear to be positive for the lower level science group. 
However, further analysis is needed to understand if the participants attribute this increase to 
liking the stories or the implementation method employed by the instructor. Perhaps participants 
did not overly care for the stories but liked the implementation style – group classroom 
discussion of the stories. Multiple participant comments help with this speculation: 
“I did not like these readings, but the one thing I liked was it was a group effort, with the 
discussions.”  
 
“I liked the readings when we came together as a group at the end and gave our thoughts 
and talked about it.” 
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“I liked that we discussed them as a group and read through them together because it 
helped me understand the readings better.  It also helped me to ask questions and kept me 
wondering.” 
 
“I liked that it wasn't just a lecture and how we got points for bringing ideas up in class.” 
 
Prior to use of the stories, the participants had not experienced a discussion of the same 
magnitude in the course, nor did their prior secondary science courses in this school encourage 
such discussions. A number of participants indicated liking the discussion format (29%) on the 
written expression portion of Interest/Attitudes Survey 2, and stated it in the interview (25%) as 
well. Participants offered more negative than positive comments when addressing their likes and 
dislikes on the two writing prompts of the Interest/Attitude Survey II. Participants posted a total 
of thirty-six negative comments when asked what they disliked about the stories, in comparison 
to twenty-four positive comments on what they liked in the stories, minus references to liking the 
discussions as they were not part of the story itself. There were also five comments posted in the 
“what did you like about the stories?” writing prompt that were categorized as “liked nothing.”  
Many participants indicated that they disliked the length of the reading (25%), the 
questions they had to answer (21%), and found the stories difficult to comprehend (21%). During 
the implementation process, the researcher noted that participants found the questions very 
challenging and would ask for assistance in making sense out of the question itself. Often, 
participants required additional scaffolding, via questioning, during the discussions to make 
progress towards an acceptable answer. These and other negative attitudes toward the stories 
may reflect participants’ general dislike of reading about science. That students, without 
assistance from the instructor, struggled to comprehend portions of the stories may reflect the 
need to improve the stories and/or the mental effort required to comprehend science ideas and 
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thinking. Wolpert (1992), Cromer (1993) and Matthews (1994) are just some writers who have 
pointed out the counter-intuitive nature of many science ideas and the unnatural mode of 
thinking that produces those ideas. Reading and understanding science text, no matter how well 
written, requires that students mentally engage with and wrestle to understand content at a level 
they perhaps do not expect or desire. If stories like those used in the treatment groups addressed 
the development of mathematical ideas or any other counter-intuitive and difficult subject, 
students would likely express a similar dislike of reading those stories. So the important issue 
may not be whether students liked reading the stories, but rather did they like reading them better 
than traditional textbook and whether intended cognitive objectives are achieved. 
 
Summary of Findings for Question 2 - Chemistry 
 Participants were equally split as 40.7 percent stated they found the stories interesting as 
well as uninteresting. However, 46.4 percent of participants found the stories portrayed 
science as more interesting than previously though; with 50 percent stating their interest 
remained unchanged. 
 75 percent of participants indicated they wanted the stories to at least somewhat replace 
the typical classroom reading materials.  
 50 percent of participants reported that the stories did not impact their interest in science 
content, with 35.7 percent reporting it increased their interest, and 21.5 percent decreased 
interest,  
 An overwhelming number of participants (92.8%) agreed that how science works and 
science ideas are developed should be at least somewhat of an important goal in high 
school science classes, with only 3.6 percent stating it should not be a goal at all. 
Additionally, 71.4 percent responded that the readings at least somewhat helped them 
reach this goal.  
 In the written responses regarding what participants liked about the stories they 
responded most that the stories were mentally engaging (20%) and informative (28%), 
they enjoyed seeing the development of ideas (21%) and seeing scientists in a humanistic 
light (10%). 
 In the written responses regarding what participants disliked about the stories they 
responded most that the stories were boring or uninteresting (41%), they were too long 
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(21%), disliked the questions (17%), found the stories difficult to understand (28%), and 
did not think they were useful to learning chemistry (17%).  
 Chemistry participants who were interviewed confirmed the responses to the stories as 
indicated from the survey data. Sixteen of eighteen participants also stated the NOS goal 
of understanding the development of science is very important for high school science 
classes.  
Discussion of Research Question 2 – Chemistry 
 Participant interest was split between finding the stories interesting and uninteresting at 
40.7 percent. A larger percentage of participants (46.4%) did find the stories increased their 
portrayal of science as more interesting, with a very small number (3.6%) of students stating the 
opposite was true. Participants only reported that 35.7 percent found an increased interest in 
science content, while 21.5 percent had a decrease in interest after reading the stories. 50 percent 
of students found no change in liking or disliking science content. Even with participants holding 
differing views of the stories, 75 percent want at least some portion of their traditional classroom 
readings swapped with story-like readings. Similar to the findings in General Chemistry, 92.8 
percent of participants reported the importance of understanding how science works and 
scientific ideas develop as an important NOS goal for high school science classes. Chemistry 
participants also agreed with General Chemistry participants that the stories helped them at least 
somewhat reach this goal at 71.4 percent. Sixteen of the eighteen interview participants also 
concluded that this NOS goal is important.  
 Some participants found the stories mentally engaging/interesting (20%), informative 
(28%), seeing the development of science ideas (21%), and viewing scientists in a humanistic 
light (10%). Participants were more apt to comment on the story itself and less on the discussion 
than General Chemistry participants. Some Chemistry participants disliked the length (21%) of 
the stories, and the embedded questions (17%), while finding the stories difficult to understand 
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(28%) and not applicable to learning chemistry (17%). 41 percent of participants found the 
stories boring as well. That participants disliked answering the questions, and found the reading 
difficult and too lengthy is not surprising, as they had to complete these on their own outside of 
class time. This trend is similar to General Chemistry participants, even though General 
Chemistry participants answered the questions in class with partners and did not always have to 
read for themselves.  These attitudes, as was noted for General Chemistry, may reflect 
participants’ general dislike of readings about science and a need to improve stories or the 
mental effort required to comprehend science ideas and thinking. The fact that motivated 
students also struggled with the stories and counter-intuitive science ideas gives additional 
credence to rethinking the design of the stories.   
 
Discussion of Research Question 1a - General Chemistry 
General Chemistry participants did not show a significant difference in NOS 
understanding after implementation of the stories between the treatment and control groups. The 
researcher cannot say with a high level of certainty that all participants read the stories and 
answered all of the embedded questions because the stories were read in class by the instructor, 
or read in partner pairs. Questions were answered in partner pairs and one partner doing all of the 
work is possible. Another possibility is that the treatment stories are not appropriate for students 
lacking motivation and/or having learning difficulties. The General Chemistry treatment group 
had 25 percent of participants with an Individualized Education Plan (IEP). Alternatively, 
perhaps far more time and scaffolding is needed when implementing the treatment stories. 
Participants were only exposed to three stories over the course of the semester, which may not 
have been enough exposure to impact participants’ NOS understanding.  Stories were never 
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intended to be teacher proof, and as with any difficult, but worthwhile learning objective, the 
teacher’s role is crucial.   
Lack of significance between treatment and control may be due to the absence of reading 
and answering the questions, as outlined above, but other factors are likely. When looking at 
participants responses to “liking” the stories, General Chemistry participants were split, but 
strongly preferred using the stories over the traditional textbook if they had the choice. Upon 
reviewing participants’ written responses on the Interest/Attitude Survey II and interview data, 
many participants stated they “liked” the discussion format that was held after the readings and 
questions were answered. The researcher speculates that participants liked the discussion, and 
not the story, but because the two were done simultaneously, participants thought of the two as 
being synonymous. Participants liked learning about the development of science ideas, as 
indicated by the written responses and interview, but also commented that they disliked the 
length of the stories, the questions they had to answer, and found the readings difficult.  
 Even though there was no significant difference between treatment and control groups 
when viewing all NOS constructs together, Creativity and Imagination in Science did show 
significance when analyzed independently. This may have been due to the frequency of 
creativity/imagination being mentioned in the stories. Upon reviewing the three stories that 
General Chemistry participants read (Development of Thermometry, Conservation of Mass, 
Early History of Heat), 37 total textboxes or questions were featured in the three stories. 
Creativity/Imagination was discussed 11 times (30%) throughout the stories. This was the 
highest of the six NOS constructs surveyed in the study. The remaining five constructs had much 
lower numbers: social/cultural influence (5), social interactions (7), Tentativeness (1), Time (1), 
Law/theory (6), and six that did not fit the given constructs or were related to content derived 
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questions such as “What do you know about heat and how it works? How might heat be different 
than temperature?”  Imagination/Creativity may be easier to create a conceptual change, as the 
other constructs may be deeply ingrained as misconceptions. Social interactions, even though 
they are discussed in the story, many times related more to scientists building off others’ ideas, 
therefore strengthening the misconception that they work alone. In addition, all photos of 
scientists feature them by themselves. This may further strengthen misconceptions that scientists 
work alone. 
As it was discussed earlier, participants in lower level courses may not respond well to 
this type of treatment, and it has to be modified in a way that is more accessible to their needs. 
Based on the interviews, participants are able to recall parts of the stories, but not enough to 
create conceptual change in relationship to the NOS goals being promoted.  
 
Discussion of Research Question 1a - Chemistry 
The researcher can say with a high level of certainty that almost all participants read the 
stories and answered all of the embedded questions. Participants were required to show their 
embedded question answers to the instructor before the story discussion began in class, verifying 
that almost all participants had completed the questions, which required reading the entire story 
for accurate comprehension. Although the Chemistry treatment group showed a significant 
increase in NOS understanding than the control participants after the implementation of the 
stories, significant differences were only found for three of the six NOS constructs. Of the three 
constructs, significant gains were only found in Social/Cultural Influences on Science and 
Imagination and Creativity in Science, while Scientific Law and Theories showed a minimal 
change in understanding. This difference may be explained by the stories chosen to be 
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implemented in Chemistry. The stories implemented (Atomic Model Development, Conservation 
of Mass, and Development of the Periodic Table) heavily featured text boxes and embedded 
questions regarding Imagination and Creativity. A total 19 of 49 (39%) text boxes or questions in 
the three Chemistry stories revolved around Imagination and Creativity in Science. In addition to 
the text, many of the pictures displayed related to “creations or inventions” used in 
experimentation or creative ways to interpret results. The large amount of emphasis via textboxes 
and questions, coupled with images that exemplified creativity, may have added to the 
significant increase in participant understanding of the VOSSI item. 
The Social/Cultural influence construct appeared in 8 of the 49 (16%) textboxes or 
questions, the second highest of the remaining constructs. Law/Theory construct had a total of 6 
(12%) text boxes/questions, however, participant data showed minimal growth in understanding 
this construct. This is of little surprise as Theory and Law are often wrongly taught in elementary 
and middle school grades. Couple this with the use of law and theory in everyday language and 
the misconceptions become engrained in participants’ minds. Even though two stories, Heat and 
Conservation of Mass, placed a high amount of emphasis on reversing the misconception – 
textboxes that detailed the differences between scientific law and theory – participants still held 
onto their prior conceptions.  One example, shown below, may have had an opposite effect on 
participants who do not understand the meaning of a scientific theory. In the Periodic Table story 
a text box reads: 
Again, note how scientific laws and theories are different, yet related kinds of claims 
about the natural world. Also not that Mendeleev’s Period law had to be corrected when 
chemical theory put forward the existence of protons that more accurately explained 
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chemical periodicity. These chemical theories are now well-established, yet remain 
theories. All scientific theories, no matter how well established, remain theories. 
The last line, stating that theories remain theories, may back up a participant’s conception that 
theories are just ideas people have, and not the explanation of relationships seen in scientific 
laws. If a participant conceptualizes the word theory to mean an idea or guess, it is 
understandable that they would still think that law is held in higher regard than theory, as it is in 
everyday language. It is not surprising that six prompts in two stories did not make a change in 
participants’ understanding of these deeply ingrained misconceptions. Another language issue 
that needs to be addressed (p. 40) refers to a story relating scientists as “experimenters”. This 
language may lead students to infer that science is completed by experimentation only, another 
misconception of the NOS. 
The remaining constructs did not show significant differences between control and 
treatment groups. Social Interactions tallied 6 (12%) total text boxes/questions; however, many 
of these prompts related to scientists building or working from one another’s ideas and rarely 
highlighted true social interactions among scientists. The prompts frequently conferred that 
rarely scientists worked alone. However, every picture featured in the three stories further 
backed the misconception that scientists work in isolation. Both Tentativeness and Time were 
rarely featured in the textboxes and questions, three and two times respectively.  It is reasonable 
to believe that the low number of prompts dealing with Time and Tentativeness may have led to 
lack of significant difference in the treatment groups. A final reason for a lack of significance is 
speculated to be from the influence of first-semester instruction. The instructor did teach 
explicitly NOS concepts during the first semester of the school year. This may have influenced 
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both Chemistry and General Chemistry participants, causing control and treatment group scores 
to be not significantly different from one another.  
 
Discussion of Research Question 1b 
It has been discussed that participants were able to cite story examples when explaining 
their NOS conceptions in the written responses, but had greater results verbalizing references 
during the interview. It is speculated that the level of interest in the story may have helped 
participants remember portions of what they read, as they found it interesting.  Further detail was 
gained by reviewing participant responses to the Interest/Attitude Survey II. Participants in 
General Chemistry and Chemistry stated they liked learning about the development of science 
ideas and liked seeing the human side of science as well. Student comments made on the written 
prompt also shed light on this idea: 
“Reading it in story form made it easier to remember things from it than just taking notes 
over it.  I like to take notes, but I liked the stories better.” GC 
 
“I liked hearing about how scientists came up with ideas and how unique they were.” GC 
 
“I liked the history involved and learning about the dudes behind the ideas.” GC 
 
“What I liked most was that I was able to gain some background knowledge on the ideas 
and what not.  It wasn't just some more info being pounded into my head.” GC 
 
“I suppose I liked these readings because talking about them helped me learn more about 
what was in our unit.  The readings gave a lot of history and information that helped me 
understand concepts better.” GC 
 
“I enjoyed learning about how scientists come up with their ideas and how they work on 
them.  Also on how scientists have worked together over time to come up with their 
current ideas that we have now.” C 
 
“It was interesting finding out how science actually started and how we got here today.” 
C 
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Conclusion and Recommendation for Further Study 
The results of this study suggest that the use of historical short stories was more 
successful with higher level Chemistry participants in comparison to lower level General 
Chemistry participants. However, that at least one NOS concept had a significant increase with 
both groups in Imagination and Creativity, a NOS idea often overtly addressed in the treatment 
stories, is worth noting.  Redesigning the stories to include more text boxes and questions aimed 
at the remaining NOS constructs may help increase treatment scores as well.  Additionally, 
adding pictures of scientists collaborating together may help increase participants’ understanding 
of social interactions between scientists. This study was limited by its size and scope, therefore 
increased sample size, length of intervention, and frequency of treatment stories should be 
addressed in future studies.  
The lack of significant difference between participants in the General Chemistry 
treatment and control groups leaves several questions to be answered. What modifications need 
to be made to accommodate for lower level participants? Did the use of a highly contextualized 
video that implicitly discussed NOS conceptions impact the results? Questions on the Interest 
and Attitude survey should be modified to extract greater detail of information by changing:  
“reading is boring” to “I find science readings to be boring” and “I find understanding what I 
read difficult” to “I find most science readings are difficult to understand”. Participants reported 
that reading is “not boring” and indicated it as an “easy” task; however, many indicated they 
disliked reading the science stories. The issue may very well be with the difficulty of 
understanding the counter-intuitive nature of scientific thinking and science ideas, and the 
concomitant mental effort demanded. These and other changes to the Interest and Attitude 
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Survey questions and interview protocol may help more accurately identify what the underlying 
issue is with students’ attitudes toward the science stories.  
Future studies should be completed during the first semester or over an entire year of 
school. First-semester studies would limit control participants from explicit and reflective NOS 
instruction that may take place with informed instructors. Semester long studies are limited in the 
number of stories that can be utilized; therefore a yearlong study may yield greater information 
into the effect of the stories on treatment participants’ NOS views.  
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APPENDIX A.1 
INFORMED CONSENT DOCUMENT 
 
Title of Study: Short Stories as Nature of Science Instruction in Secondary Science 
Investigators: Jennifer A. R. Smith, M.S. 
  Garrett Hall, B.S. 
             Michael P. Clough, Ph.D. 
 
FOR PARENTS:   
This document describes a study your child is being asked to take part in.  Please read 
through this document and sign it if you agree to allow your child to participate. 
 
FOR STUDENTS:  
This is a research study.  Please take your time in deciding if you would like to participate.  
Please feel free to ask questions at any time. 
 
INTRODUCTION 
Understanding the nature of science (what science is and how it works) is an acknowledged 
goal of an effective science education.   You are being invited to participate in this study 
because you are a student in a science course where emphasis is placed on understanding the 
nature of science. The purpose of this study is to determine how instruction that includes the 
use of historical science short stories in a secondary science course influences students’ 
understanding of the nature of science  
 
DESCRIPTION OF PROCEDURES 
During the 2011-2012 school year, your science teacher will have you complete a nature of 
science questionnaire and an attitude survey as classroom activities to help inform their 
teaching decisions.  Participation in this study means that your scores on a nature of science 
questionnaire and the interest/attitude survey may be used for data analysis in our research.  
The content of the course will in no way be altered by this study; all homework, quizzes, 
tests, lectures, laboratory activities and other classroom activities, including the 
questionnaire, are designed to meet pre-determined learning objectives for the course. 
 
RISKS 
No foreseeable risks exist for participation in the study. 
 
BENEFITS  
If you decide to participate in this study there may be no direct benefit to you.  It is hoped 
that the historical science short stories will improve students’ understanding of the nature of 
science, and that the information gained in this study will benefit society by improving future 
secondary school science instruction regarding the nature of science.  
 
COSTS AND COMPENSATION 
You will not have any costs from participating in this study.  You will not be compensated 
for participation in this research. 
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CONFIDENTIALITY 
Records identifying participants will be kept confidential to the extent allowed by applicable 
laws and regulations. Records will not be made publicly available.  However, federal 
government regulatory agencies, auditing departments of Iowa State University, and the ISU 
Institutional Review Board (a committee that reviews and approves research studies with 
human subjects) may inspect and/or copy your records for quality assurances and analysis.  
These records may contain private information. 
 
To ensure confidentiality to the extent permitted by law, the following measures will be 
taken: All information collected from teachers will be identified with pseudonyms to protect 
the identity of participating teachers, students, and schools.  Once pre and post surveys are 
correlated, students’ names will be cut off  of the surveys and replaced with a number.  Only 
researchers involved with this study will have access to the data collected.  All data will be 
kept in password protected computer files and/or locked file cabinets.  If the results are 
published, your identity will remain confidential. 
 
VOLUNTARY PARTICIPATION 
Participating in this study is completely voluntary.  You may choose not to take part in the 
study or to stop participating at any time, for any reason, without penalty or negative 
consequences.   Your science course grade and class participation will in no way be affected 
by your decision to participate or not to participate in this study. 
 
QUESTIONS OR CONCERNS 
We openly invite your questions and concerns.  Please feel free to contact us at the numbers 
listed below if you have questions at any time. 
 
Jennifer Smith,            Iowa State University, Ames,  IA        (515) 250-
5845 
Dr. Michael Clough,  Iowa State University, Ames, IA                   (515) 294-
1430 
Garrett Hall,              Southeast Polk Senior High, Pleasant Hill, IA     (515) 967-
6631 ext 2389 
                                  Iowa State University, Ames, IS  
 
If you have any questions about the rights of research subjects or research-related injury, 
please contact the IRB Administrator, (515) 294-4566, IRB@iastate.edu, or Director, (515) 
294-3115, Office for Responsible Research, 1138 Pearson Hall, Iowa State University, 
Ames, Iowa 50011.  
 
***************************************************************************
*** 
PARTICIPANT SIGNATURE 
 
Your signature indicates that you voluntarily agree to participate (or not) in this study, that 
the study has been explained to you, that you have been given the time to read the document 
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and that your questions have been satisfactorily answered.  You will receive a copy of the 
written informed consent prior to your participation in the study.   
 
Please mark one box below and then sign: 
□ I agree to participate in this study.  My survey data may be used for research 
purposes. 
□ I do not agree to participate in this study.  Do not use my survey data for research 
purposes. 
 
        If you do not agree to participate, what is your 
reason?_____________________________________ 
        
___________________________________________________________________________
______ 
        
___________________________________________________________________________
______ 
  
 
Participant’s Name (printed)         
 ____________    
    
       _________________     
 ______ 
(Participant’s Signature)                                    (Date)
  
 
       _____    __________   
 ______ 
(Signature of Parent/Guardian or Legally Authorized Representative)        (Date) 
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APPENDIX A.2 
INFORMED CONSENT DOCUMENT 
 
Title of Study: Impact of Historical Science Short Stories on Students’ Attitudes and NOS 
Understanding 
 
Investigators: Garrett Hall, B.S. 
Jennifer A. R. Smith, M.S. 
  Michael P. Clough, Ph.D. 
 
FOR PARENTS:   
This document describes a study your child is being asked to take part in.  Please read 
through this document and sign it if you agree to allow your child to participate. 
 
FOR STUDENTS:  
This is a research study.  Please take your time in deciding if you would like to participate.  
Please feel free to ask questions at any time. 
 
INTRODUCTION: Understanding the nature of science (what science is and how it works) 
is an acknowledged goal of an effective science education.   You are being invited to 
participate in this study because you are a student in a science course where emphasis is 
placed on understanding the nature of science and science short stories were used as class 
activities. The purpose of this study is to determine how instruction that includes the use of 
historical science short stories in a secondary science course influences students’ 
understanding of the nature of science  
 
DESCRIPTION OF PROCEDURES: During the 2011-2012 school year, your science 
teacher had you complete a nature of science questionnaire and an attitude survey as 
classroom activities to help inform their teaching decisions.  Participation in this study means 
that your scores on a nature of science questionnaire and the interest/attitude survey may be 
used for data analysis in our research.  Your teacher would like to interview you and discuss 
your responses to the surveys you filled out in class. The interview will consist of questions 
based around your experiences with the stories and your responses to the survey items. This 
is strictly voluntary and you can opt out of the interview at any time. The interview will last 
approximately 30 minutes and will be conducted before or after school. Your teacher is 
extremely interested in using these stories and your opinions of the stories. To ensure 
accuracy, interviews will be audio-recorded.  Recordings will not contain student names and 
will be erased after they are transcribed to a written format. 
 
RISKS: No foreseeable risks exist for participation in the study. 
 
BENEFITS: If you decide to participate in this study there may be no direct benefit to you.  
It is hoped that the historical science short stories will improve students’ understanding of the 
nature of science, and that the information gained in this study will benefit society by 
improving future secondary school science instruction regarding the nature of science.  
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COSTS AND COMPENSATION: You will not have any costs from participating in this 
study.  You will not be compensated for participation in this research. 
 
 
CONFIDENTIALITY: Records identifying participants will be kept confidential to the 
extent allowed by applicable laws and regulations. Records will not be made publicly 
available.  However, federal government regulatory agencies, auditing departments of Iowa 
State University, and the ISU Institutional Review Board (a committee that reviews and 
approves research studies with human subjects) may inspect and/or copy your records for 
quality assurances and analysis.  These records may contain private information. 
 
To ensure confidentiality to the extent permitted by law, the following measures will be 
taken: All information collected will be identified with pseudonyms to protect the identity of 
participating teachers, students, and schools.  Once pre and post surveys are correlated, 
students’ names will be cut off of the surveys and replaced with a number.  Audio recordings 
of interviews will not contain student names and will be erased once they are transcribed to a 
written form. All recordings will be erased no later than September 1, 2012.  Only 
researchers involved with this study will have access to the data collected.  All data will be 
kept in password protected computer files and/or locked file cabinets.  If the results are 
published, a pseudonym will be used and your identity will remain confidential. 
 
VOLUNTARY PARTICIPATION: Participating in this study is completely voluntary.  
You may choose not to take part in the study or to stop participating at any time, for any 
reason, without penalty or negative consequences.   Your science course grade and class 
participation will in no way be affected by your decision to participate or not to participate in 
an interview for this study. 
 
QUESTIONS OR CONCERNS: We openly invite your questions and concerns.  Please 
feel free to contact us at the numbers listed below if you have questions at any time. 
Garrett Hall,              Southeast Polk Senior High, Pleasant Hill, IA     (515) 967-
6631 ext 2389 
                                  Iowa State University, Ames, IS  
Jennifer Smith,            Iowa State University, Ames,  IA        (515) 250-
5845 
Dr. Michael Clough,  Iowa State University, Ames, IA                   (515) 294-
1430 
 
If you have any questions about the rights of research subjects or research-related injury, 
please contact the IRB Administrator, (515) 294-4566, IRB@iastate.edu, or Director, (515) 
294-3115, Office for Responsible Research, 1138 Pearson Hall, Iowa State University, 
Ames, Iowa 50011.  
 
***************************************************************************
*** 
PARTICIPANT SIGNATURE 
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Your signature indicates that you voluntarily agree to participate (or not) in this study, that 
the study has been explained to you, that you have been given the time to read the document 
and that your questions have been satisfactorily answered.  You will receive a copy of the 
written informed consent prior to your participation in the study.   
 
I agree to participate in this study. If I am chosen to participate in an interview, my data 
may be used for research purposes. 
         
Participant’s Name (printed)         
 ____________    
    
       _________________     
 ______ 
(Participant’s Signature)                                    (Date)
  
 
       _____    __________   
 ______ 
(Signature of Parent/Guardian or Legally Authorized Representative)        (Date) 
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APPENDIX B.1 
 
Views on Science and Scientific Inquiry – For Chemistry Classes (Pre) 
 
 
 
Please read EACH statement carefully, and then indicate the degree to which 
you agree or disagree with EACH statement by circling the appropriate choice to 
the right of each statement. 
 
SD = Strongly Disagree 
D = Disagree More Than Agree 
U = Uncertain or Not Sure 
A = Agree More Than Disagree 
SA = Strongly Agree 
 
 
 
 
1. Social and Cultural Influences on Science: 
 
A. 
Scientific research is not influenced by society and culture 
because scientists are trained to conduct pure, unbiased studies. 
SD D U A SA 
B. 
Cultural values and expectations influence what science is 
conducted and accepted. 
SD D U A SA 
C. 
Cultural values and expectations influence how science is 
conducted and accepted. 
SD D U A SA 
D. 
All cultures conduct scientific research the same way because 
science is universal and independent of society and culture. 
SD D U A SA 
 
Explain how society and culture affect OR do not affect scientific research, and provide examples 
to support your answer. 
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2.  Imagination and Creativity in Scientific investigations: 
 
A. 
Scientists use their imagination and creativity when they collect 
data. 
 
SD D U A SA 
B. 
Scientists use their imagination and creativity when they analyze 
and interpret data. 
SD D U A SA 
C. 
Scientists do not use their imagination and creativity because 
these conflict with their logical reasoning. 
SD D U A SA 
D. 
Scientists do not use their imagination and creativity because 
these can interfere with the need to be unbiased. 
SD D U A SA 
 
Explain why scientists use OR do not use imagination and creativity, and provide examples to 
support your answer. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. Social Interaction among Scientific Researchers: 
 
A. 
Scientists usually work collaboratively with other scientists when 
conducting research. 
SD D U A SA 
B. 
Scientists usually work with other scientists, but only to share 
results.  
 
SD D U A SA 
C. 
Scientists usually work alone when conducting research. 
 
SD D U A SA 
D. 
Scientific knowledge usually emerges from discussions and social 
interactions among scientists. 
SD D U A SA 
 
Explain to what degree scientists work with other scientists when doing research, and provide 
examples to support your answer. 
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4.   Development and Acceptance of Science Ideas: 
 
A. 
Credible scientific ideas are usually generated in a matter of 
days, weeks or months. 
SD D U A SA 
B. 
Scientific ideas usually come to be accepted by the scientific 
community in a matter of days, weeks or months.  
SD D U A SA 
C. 
Credible scientific ideas are usually generated over a period of 
years to decades. 
SD D U A SA 
D. 
Scientific ideas usually come to be accepted by the scientific 
community over a period of years to decades. 
SD D U A SA 
 
Explain how much time is usually required for credible scientific ideas to be generated, and then 
accepted by the scientific community, and provide examples to support your answer. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5. Scientific Knowledge: 
 
A. 
Well supported and established scientific knowledge is subject to 
on-going testing and revision. 
SD D U A SA 
B. 
Well supported and established scientific knowledge may be 
completely replaced by new ideas in light of new evidence. 
SD D U A SA 
C. 
Well supported and established scientific knowledge may be 
changed because scientists reinterpret existing evidence. 
SD D U A SA 
D. 
Well supported and established scientific knowledge based on 
accurate research will not change. 
SD D U A SA 
 
Explain why you think well supported and established scientific knowledge changes OR does not 
change over time, and provide examples to support your answer. 
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10. Scientific Laws Compared to Theories: 
 
A. 
Scientific theories exist in the natural world and are uncovered 
through scientific investigations. 
SD D U A SA 
B. Unlike theories, scientific laws are not subject to change. SD D U A SA 
C. Scientific laws are theories that have been proven. SD D U A SA 
D. Scientific theories explain scientific laws. SD D U A SA 
 
Explain what scientific theories and laws are and how they are different, and provide examples to 
support your answer. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
--------------------------------------------------------------------------------------------------------------
---------------------- 
Please explain any problems you had answering the survey questions above. This may 
include wording you did not understand, answer choices that didn’t make sense to you, 
or questions you didn’t know how to answer.  Your comments below will help us 
prepare better questions for future students if needed.  Your honest feedback is much 
appreciated. 
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APPENDIX B.2 
   
Views on Science and Scientific Inquiry – For Chemistry Classes (POST) 
 
 
 
Please read EACH statement carefully, and then indicate the degree to which 
you agree or disagree with EACH statement by circling the appropriate choice to 
the right of each statement. 
 
SD = Strongly Disagree 
D = Disagree More Than Agree 
U = Uncertain or Not Sure 
A = Agree More Than Disagree 
SA = Strongly Agree 
 
 
 
1. Social and Cultural Influences on Science: 
 
A. 
Scientific research is not influenced by society and culture 
because scientists are trained to conduct pure, unbiased studies. 
SD D U A SA 
B. 
Cultural values and expectations influence what science is 
conducted and accepted. 
SD D U A SA 
C. 
Cultural values and expectations influence how science is 
conducted and accepted. 
SD D U A SA 
D. 
All cultures conduct scientific research the same way because 
science is universal and independent of society and culture. 
SD D U A SA 
 
Explain how society and culture affect OR do not affect scientific research, and provide examples 
to support your answer. 
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2.  Imagination and Creativity in Scientific investigations: 
 
A. 
Scientists use their imagination and creativity when they collect 
data. 
 
SD D U A SA 
B. 
Scientists use their imagination and creativity when they analyze 
and interpret data. 
SD D U A SA 
C. 
Scientists do not use their imagination and creativity because 
these conflict with their logical reasoning. 
SD D U A SA 
D. 
Scientists do not use their imagination and creativity because 
these can interfere with the need to be unbiased. 
SD D U A SA 
 
Explain why scientists use OR do not use imagination and creativity, and provide examples to 
support your answer. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. Social Interaction among Scientific Researchers: 
 
A. 
Scientists usually work collaboratively with other scientists when 
conducting research. 
SD D U A SA 
B. 
Scientists usually work with other scientists, but only to share 
results.  
 
SD D U A SA 
C. 
Scientists usually work alone when conducting research. 
 
SD D U A SA 
D. 
Scientific knowledge usually emerges from discussions and social 
interactions among scientists. 
SD D U A SA 
 
Explain to what degree scientists work with other scientists when doing research, and provide 
examples to support your answer. 
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4.   Development and Acceptance of Science Ideas: 
 
A. 
Credible scientific ideas are usually generated in a matter of 
days, weeks or months. 
SD D U A SA 
B. 
Scientific ideas usually come to be accepted by the scientific 
community in a matter of days, weeks or months.  
SD D U A SA 
C. 
Credible scientific ideas are usually generated over a period of 
years to decades. 
SD D U A SA 
D. 
Scientific ideas usually come to be accepted by the scientific 
community over a period of years to decades. 
SD D U A SA 
 
Explain how much time is usually required for credible scientific ideas to be generated, and then 
accepted by the scientific community, and provide examples to support your answer. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5. Scientific Knowledge: 
 
A. 
Well supported and established scientific knowledge is subject to 
on-going testing and revision. 
SD D U A SA 
B. 
Well supported and established scientific knowledge may be 
completely replaced by new ideas in light of new evidence. 
SD D U A SA 
C. 
Well supported and established scientific knowledge may be 
changed because scientists reinterpret existing evidence. 
SD D U A SA 
D. 
Well supported and established scientific knowledge based on 
accurate research will not change. 
SD D U A SA 
 
Explain why you think well supported and established scientific knowledge changes OR does not 
change over time, and provide examples to support your answer. 
 
 
 
112 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
10. Scientific Laws Compared to Theories: 
 
A. 
Scientific theories exist in the natural world and are uncovered 
through scientific investigations. 
SD D U A SA 
B. Unlike theories, scientific laws are not subject to change. SD D U A SA 
C. Scientific laws are theories that have been proven. SD D U A SA 
D. Scientific theories explain scientific laws. SD D U A SA 
 
Explain what scientific theories and laws are and how they are different, and provide examples to 
support your answer. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
--------------------------------------------------------------------------------------------------------------
---------------------- 
Please explain any problems you had answering the survey questions above. This may 
include wording you did not understand, answer choices that didn’t make sense to you, 
or questions you didn’t know how to answer.  Your comments below will help us 
prepare better questions for future students if needed.  Your honest feedback is much 
appreciated. 
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APPENDIX C.1 
 
Interest/Attitude Survey Part I 
 
Your honest feedback on this survey would be very helpful and much 
appreciated.  This information will be used to understand you as a learner and 
your interest and attitudes towards class activities utilized in this course.   
 
Please carefully read and answer each survey questions below. Be sure all your 
answers are clearly marked or written.  Your answers to these survey 
questions should reflect your own honest opinions. There are no right or wrong 
answers. 
 
 
1. Please mark an X in ONLY ONE BOX to indicate for which course you are completing 
this survey. 
 
     
Biology Chemistry    
 
2. Please read statements A - Y below.    
Mark an X in ONLY ONE BOX to indicate your level of agreement with each 
statement. 
 
A. I find reading enjoyable. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
B. Developing my own experiments in science class is a waste of time. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
C. If I do poorly on a test, it is likely because I didn’t work hard enough to prepare. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
D. I find reading difficult. 
      
      
 Completely Disagree Somewhat Disagree Neutral  Somewhat Agree Completely Agree 
 
E. I learn better when we do a hands-on activity before a teacher explains a science idea. 
      
      
 Completely Disagree Somewhat Disagree Neutral  Somewhat Agree Completely Agree 
 
F. Successful students understand things in class quickly. 
  
      
 Completely Disagree Somewhat Disagree Neutral  Somewhat Agree Completely Agree 
 
 
G. When learning science, I want to understand how scientists developed science ideas. 
      
      
 Completely Disagree Somewhat Disagree Neutral  Somewhat Agree Completely Agree 
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H. Reading is boring. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
I. When learning science, I only want to be told what facts I need to know for the tests. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
 
 
 
 
 
J The really smart students don’t have to work hard to do well in school. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
K. Reading is beneficial to me. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
L. When learning science, I want to understand how to use the information we learn about. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
M. If I do poorly on a test, it is likely the ideas were just to hard for me. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
N. I enjoy reading outside of class-work and assignments. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
O. When learning new information, realting it to experiences outside of class helps me. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
P. Students who are “average” in school will remain “average” for the rest of their lives.  
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
Q Coming up with my own ways to solve problems in science class is a waste of time. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
R. I find understanding what I read difficult. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
S. I want to learn about the people who developed the ideas we learn in science class. 
      
      
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 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
T. If I do well on a test, most likely I was just lucky. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
U. Students should be tested on their understanding of not only science ideas, but also how 
scientists came to understand those ideas. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
V. Reading does not help me learn.  
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
 
 
 
W. The harder I work at preparing for a test, the more likely I am going to do well. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
X. I learn science best by memorizing information. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
Y. If I do poorly on a test, it is likely the teacher did not teach well. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
      
 
3. To what degree are you interested in a science-related career?   
Mark an X in ONLY ONE BOX to indicate your level of interest. 
 
 I have absolutely no interest at all in a science-related career. 
 I have very little interest in a science-related career. 
 I am completely undecided about my interest in a science-related career. 
 I am considering a science or science-related career. 
 I am absolutely sure I want to pursue a science-related career. 
 
4. Please explain why you are or are not interested in a science-related career in the 
space below. 
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5. Please explain any problems you had answering the survey questions above. This 
may include wording you did not understand, answer choices that didn’t make 
sense to you, or questions you didn’t know how to answer.  Your comments below 
will help us prepare better questions for future students if needed.  Your honest 
feedback is much appreciated. 
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APPENDIX C.2 
 
Interest/Attitude Survey Part 2  (Chemistry Version) 
 
 
This semester your class activities included several readings regarding 
scientists and how science ideas came to be accepted. Your honest feedback 
regarding these experiences would be very helpful and much appreciated. 
 
Please carefully read and answer each survey questions below. Be sure all your 
answers are clearly marked.   
 
 
6. The readings your teacher utilized this semester may have included: 
 A reading about matter 
 A reading about the conservation of Mass 
 A reading about development of our understanding of atomic 
structure 
 A reading about the development of periodic table 
 A reading about the development of a temperature scale 
 A reading about our understanding of heat 
 A reading about entropy 
 
Overall, how interesting did you find this group of readings? 
Mark an X in ONLY ONE BOX. 
     
     
extremely uninteresting somewhat uninteresting neutral somewhat interesting extremely interesting 
 
 
7. Please explain what you liked about these readings: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8. Please explain what you did not like about these readings: 
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9. To what extent did the readings portray doing science as more interesting than you 
previously thought?  Mark an X in ONLY ONE BOX. 
 
     
Much less 
interesting  
Somewhat less 
interesting  
No more or less 
interesting  
Somewhat more 
interesting  
Much more 
interesting  
 
 
 
10. To what extent did the readings increase your interest in the science content in the 
stories? 
Mark an X in ONLY ONE BOX. 
  
     
Greatly decreased  
my interest  
Somewhat decreased  
my interest 
No impact on  
my interest  
Somewhat increased  
my interest 
Greatly increased  
my interest 
 
 
 
11. How interesting did you find these readings compared to readings from a science 
textbook or other typical class readings?  Mark an X in ONLY ONE BOX. 
     
       
much less 
interesting 
somewhat less 
interesting 
equally 
interesting/uninteresting 
somewhat more 
interesting 
much more 
interesting 
 
 
 
12. If stories similar to the readings used this semester were to replace class textbook 
readings (or other readings typically used in your science class), approximately 
what percentage of textbook readings would you like replaced?   Mark an X in 
ONLY ONE BOX. 
 
 0%    (I would prefer this type of readings not replace any textbook readings.) 
 25%   (I would prefer this type of reading only occasionally replace textbook 
readings.) 
 50%   (I would prefer this type of reading replace about half the textbook 
readings.) 
 75%   (I would prefer this type of reading replace most of the textbook 
readings.) 
 100%  (I would prefer this type of reading replace all textbook readings for 
the course.) 
 
 
 
13. Learning about how science works and how scientific ideas are developed and 
become accepted  
is a goal of science education.  How important do you think this goal is for high 
school science classes? 
Mark an X in ONLY ONE BOX. 
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 This should not be a goal of HS science classes. 
 This goal should be of little importance in HS science classes. 
 This goal should be somewhat important in HS science classes. 
 This goal should be important in HS science classes. 
 This goal should be extremely important in HS science classes. 
 
 
 
14. Mark an X in  ONLY ONE BOX to indicate your level of agreement with the following 
statement: 
 
These stories helped me reach the goal of understanding  how science works and 
how scientific ideas are developed and become accepted. 
  
     
Completely  
Disagree  
Somewhat   
Disagree 
Neutral Somewhat  
Agree  
Completely  
Agree  
 
 
 
15. Please read statements A - Y below.    
Mark an X in ONLY ONE BOX to indicate your level of agreement with each 
statement. 
 
A. I find reading enjoyable. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
B. Developing my own experiments in science class is a waste of time. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
C. If I do poorly on a test, it is likely because I didn’t work hard enough to prepare. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
D. I find reading difficult. 
      
      
 Completely Disagree Somewhat Disagree Neutral  Somewhat Agree Completely Agree 
 
E. I learn better when we do a hands-on activity before a teacher explains a science idea. 
      
      
 Completely Disagree Somewhat Disagree Neutral  Somewhat Agree Completely Agree 
 
F. Successful students understand things in class quickly. 
  
      
 Completely Disagree Somewhat Disagree Neutral  Somewhat Agree Completely Agree 
 
 
G. When learning science, I want to understand how scientists developed science ideas. 
      
      
 Completely Disagree Somewhat Disagree Neutral  Somewhat Agree Completely Agree 
 
H. Reading is boring. 
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      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
I. When learning science, I only want to be told what facts I need to know for the tests. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
J The really smart students don’t have to work hard to do well in school. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
K. Reading is beneficial to me. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
L. When learning science, I want to understand how to use the information we learn about. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
M. If I do poorly on a test, it is likely the ideas were just too hard for me. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
N. I enjoy reading outside of class-work and assignments. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
O. When learning new information, relating it to experiences outside of class helps me. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
P. Students who are “average” in school will remain “average” for the rest of their lives.  
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
Q Coming up with my own ways to solve problems in science class is a waste of time. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
R. I find understanding what I read difficult. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
S. I want to learn about the people who developed the ideas we learn in science class. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
T. If I do well on a test, most likely I was just lucky. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
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U. Students should be tested on their understanding of not only science ideas, but also how 
scientists came to understand those ideas. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
V. Reading does not help me learn.  
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
W. The harder I work at preparing for a test, the more likely I am going to do well. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
X. I learn science best by memorizing information. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
Y. If I do poorly on a test, it is likely the teacher did not teach well. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
      
 
 
 
 
 
 
16. To what degree are you interested in a science-related career?   
Mark an X in ONLY ONE BOX to indicate your level of interest. 
 
 I have absolutely no interest at all in a science-related career. 
 I have very little interest in a science-related career. 
 I am completely undecided about my interest in a science-related career. 
 I am considering a science or science-related career. 
 I am absolutely sure I want to pursue a science-related career. 
 
 
17. Please explain why you are or are not interested in a science-related career in the 
space below. 
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18. Please explain any problems you had answering the survey questions above. This 
may include wording you did not understand, answer choices that didn’t make 
sense to you, or questions you didn’t know how to answer.  Your comments below 
will help us prepare better questions for future students if needed.  Your honest 
feedback is much appreciated. 
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APPENDIX C.3 
 
 
Interest/Attitude Survey Part 2   
 
 
Please carefully read and answer each survey questions below. Be sure all your 
answers are clearly marked.   
 
 
 
1. Please read statements A – Y below.    
Mark an X in ONLY ONE BOX to indicate your level of agreement with each 
statement. 
 
 
A. I find reading enjoyable. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
B. Developing my own experiments in science class is a waste of time. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
C. If I do poorly on a test, it is likely because I didn’t work hard enough to prepare. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
D. I find reading difficult. 
      
      
 Completely Disagree Somewhat Disagree Neutral  Somewhat Agree Completely Agree 
 
E. I learn better when we do a hands-on activity before a teacher explains a science idea. 
      
      
 Completely Disagree Somewhat Disagree Neutral  Somewhat Agree Completely Agree 
 
F. Successful students understand things in class quickly. 
  
      
 Completely Disagree Somewhat Disagree Neutral  Somewhat Agree Completely Agree 
 
 
G. When learning science, I want to understand how scientists developed science ideas. 
      
      
 Completely Disagree Somewhat Disagree Neutral  Somewhat Agree Completely Agree 
 
H. Reading is boring. 
      
      
124 
 
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
I. When learning science, I only want to be told what facts I need to know for the tests. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
 
 
 
 
J The really smart students don’t have to work hard to do well in school. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
K. Reading is beneficial to me. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
L. When learning science, I want to understand how to use the information we learn about. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
M. If I do poorly on a test, it is likely the ideas were just too hard for me. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
N. I enjoy reading outside of class-work and assignments. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
O. When learning new information, relating it to experiences outside of class helps me. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
P. Students who are “average” in school will remain “average” for the rest of their lives.  
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
Q Coming up with my own ways to solve problems in science class is a waste of time. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
R. I find understanding what I read difficult. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
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S. I want to learn about the people who developed the ideas we learn in science class. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
T. If I do well on a test, most likely I was just lucky. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
 
 
 
 
 
 
U. Students should be tested on their understanding of not only science ideas, but also how 
scientists came to understand those ideas. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
V. Reading does not help me learn.  
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
W. The harder I work at preparing for a test, the more likely I am going to do well. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
X. I learn science best by memorizing information. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
Y. If I do poorly on a test, it is likely the teacher did not teach well. 
      
      
 Completely Disagree Somewhat Disagree Neutral Somewhat Agree Completely Agree 
 
 
 
 
2. Learning about how science works and how scientific ideas are developed and 
become accepted  
is a goal of science education.  How important do you think this goal is for high 
school science classes? 
Mark an X in ONLY ONE BOX. 
 
 
 This should not be a goal of HS science classes. 
 This goal should be of little importance in HS science classes. 
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 This goal should be somewhat important in HS science classes. 
 This goal should be important in HS science classes. 
 This goal should be extremely important in HS science classes. 
 
 
 
 
3. To what degree are you interested in a science-related career?   
Mark an X in ONLY ONE BOX to indicate your level of interest. 
 
 
 I have absolutely no interest at all in a science-related career. 
 I have very little interest in a science-related career. 
 I am completely undecided about my interest in a science-related career. 
 I am considering a science or science-related career. 
 I am absolutely sure I want to pursue a science-related career. 
 
 
 
 
 
 
4. Please explain why you are or are not interested in a science-related career in the 
space below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5. Please explain any problems you had answering the survey questions above. This 
may include wording you did not understand, answer choices that didn’t make 
sense to you, or questions you didn’t know how to answer.  You comments below 
will help us prepare better questions for future students if needed.  Your honest 
feedback is much appreciated.  
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APPENDIX L 
 
Interview Protocol: Student Responses to VOSSI/Attitudes Survey 
 
Time of Interview: 
Date: 
Place: 
Interviewer: 
Interviewee: 
Position of Interviewee: 
The purpose of this study is to determine the impact of using historical chemistry short 
stories on high school students understanding of the nature of science. Data has been 
collected via pre and post surveys and will also be collected through personal interviews. 
Your information will be confidential and your name will not be associated with your 
responses. The interview will likely last between 30 minutes to one hour. Interviewee should 
have previously filled out and signed the consent form.  
Questions: 
1. How do you think society and culture affect or do not affect scientific research? 
2. How do you think scientists use or do not use imagination and creativity in scientific 
investigations? 
3. To what degree do you think that scientists work with other scientists when doing research? 
4. Why do you think well supported and established scientific knowledge changes or does not 
change over time? 
5. Explain what you liked about these readings. 
6. To what extent did you like or dislike these readings compared to readings from a science 
textbook or other typical class readings? 
7. Learning about how science works and how scientific ideas are developed and become 
accepted is a goal of science education. 
a.  How important do you think this goal is for high school science classes? 
b. Why do you think this is or is not an important goal? 
8. To what extent did these stories help you improve your understanding of how science works 
and how scientific ideas are developed and become accepted? 
9. To what extent are you interested in a science-related career? Please explain why you are or 
are not interested in a science-related career. 
 
 
 
